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TECHNICAL CONTENT STATEMENT

"This report was prepared as an account of work sponsored by
the United States Government. Neither the United States nor the
United States Department of Energy, nor any of their emplcyees,
nor any of their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completness or
usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately

owned right."
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ABSTRACT

This effort involves the design, fabrication, delivery,
operation and maintenance of an HPC 1250 KVA geothermal power
conversion system using a helical screw expander as the prime
mover. The delivery of the power conversion system was made to
the Jet Propulsion Laboratory for evaluation and demonstration
witk geothermal energy consisting of hot. untreated, corrosive
scale-forming brines and/or vapors, including *he total flow from

geothermal wells of such brines and/or vapors.
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SUMMARY

This effort relates to the design, fabrication, delivery,
operation and maintenance of a Hydrothermal Power Co., Ltd. (HPC)
1250 KVA Geothermal Power Conversion System, suitably adapted by
BPC for testing and evaluation by the Jet Propulsion Laboratory,
California Institute of Technology (JPL).

The system was designed, engineered, and patterned after a
62.5 KVA Power Conversion System previously developed and success-
fully tested by HPC. The design incorporated Background Patents,
Know-how, and Proprietory Rights previously developed and owned by
Roger Sprankle and HPC. HPC staff and personnel participated in a
preliminary system design review held at JPL covering the 1250 KVA
Geothermal Power Conversion System.

The Power Conversion System fabrication included the planning
of a fabrication sequence starting with the early issuance of pur-
chase orders for long lead time items and concluding with satis-
factory acceptance testing by "?L. The issuance of purchase
orders followed competitive bidding. Pabrication included: (1)
securing of a Vibration and Torsional Analysis; (2) establishment
of a Quality Assurance Program; and (3) the development of a
Property Control Procedure, acceptable to the U.S. Government.

To assist in the evaluation process, Calibration and Per-
formance data for both the Speed Reducer and Alternator were
obtained.

Copies of the manufacturers' manuals or instructions for each
major assembly or sub-assembly were obtained in so far as avail-

able.



HPC also provided engineering services to JPI. for the purpose
of: (1) planning for support and interface equipment to be
provided by JPL to be used in testing and evaluation; (2) the
selection of a geothermal test site suitable for performance
evaluation; and (3) the development of detailed plans for site
preparation and performance evaluation of the Power System.

Following fabrication of the Power System, hydrostatic
testing of the process piping and prime mover housing was
successfully accomplished at the uPC facilities, after which
acceptance testing was commenced. During the ac <¢ptance testing
procedures, four equipment failures were experienced. Acceptance
testing was successfully c¢oncluded and the System formally
delivered on December 4, 1977.

A survey of geothermal well sites was concluded with the
selection of well No. 54-3, owned by Phillips Petroleum Co., and
located at Roosevelt Hot Springs, near Milford, Utah.

Pollowing on-site inspection of the well and test facilities
at Roosevelt Hot Springs, a pre-engineered metal "Butler Building"
was ordered, and the Power Conversion System was shipped to Utah.
The Power System was then installed and assistance given to the
JPL Principal Investigator, Dr. Richard A. McKay, ~overing details
of the testing and evaluation. The operation of the Power System
in Utah for the purposes of testing and evaluation by JPL was
concluded on November 14, 1979, The Power Sy~tem and related
support and test equipment was shipped to Cerro Pricto, Mexico, on

December 1, 1979.
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IN' RODUCTION

The exploitation of Geothermal Energy is included among the
efforts of the U.S. Government to resolve the c¢ritical energy
needs of its citizens. Geothermal Energy is known to exist in the
form of dry-steam which is rare and easily developed. However,
Geothermal FEnergy exists more abundantly in the form of hot
mineralized water wells. Until the development of the Helical
Screw Expander, exploitation of hot water resources had been
seriously hampered because no suitable prime mover was available
for use with the fluids from these wells. It has been necessary
to produce a vapor to drive a turbine, either by flashing part of
the brine to steam, as is done at Cerro Prieto, Mexico, or by
boiling a secondary fluid in a heat exchanger. In the steam
flashing process, much energy is lost in the waste hot brine which
flows from the steam separators. Although hot mineralized water
wells are common, advanced technical development is required to
overcome not only the scaling, corrosive, errosive characteristics
of the waters, but also the hostile environment in which most of
these hot waters are found.

New technology has been developed by Hydrothermal Power Co.,
Ltd. (HPC) in extensive research resulting in Patents, Know-how,
and Proprietory Rights developed in connection with a prototype
62.5 KVA Power System. The prototype HPC Power System utilizes
the helical rotory screw expander design as a prime mover driv-
ing a conventional 62.5 KVA generator at speeds controlled by

a governor. The prototype HPC Power System is portable and



intrinsically self-cleaning in the rotor areas. It is capable of
using the liquid-vapor mixture as it comes directly from the well.
The prototype unit was successfully tested by operating directly
on hot, untreated, corrosive scale forming brines and vapors from
wells located at: Cerro Prieto, Mexico (M-7) (M-10); East Mesa,
near El1 Centro, California (62-1); and a geothermal well near
Niland, California (Sinclair #4).

The HPC prototype 62.5 KVA power system was the first Xnown
power generator to use the total flow of hot untreated brine and
vapors directly from a geothermal well. The HPC prototype power
system disclosed some interesting and useful technology which HPC
believed would assist in the early utilization of energy from
geothermal brines. The following observations and conclusions
were offered in support of this belief. Paragrpahs 2 through 5 of
the following were taken from the writings of R. McKay, JPL.

1. The helical screw expander is a pure rotary. positive
displacement machine. The positive displacement feature
allows the machine to operate effectively over a broad
range of geothermal conditions. The pure rotary motion
allows operation in a much higher speed range than
reciprocating machines allow. Thus, helical rotary
screw expanders up to the fifty MW size range are
readi!ly feasible and are ideally suited to geothermal
applications.

2. As a geothermal prime mover, the HPC helical screw
expander 1is a total flow machine which can expand

directly the vapor that is continuously being produced



from the hot saturated ligquid as it decreases in pres-
sure during its passage through the expander. (See
Appendix E for cutaway view of prime mover.) The effect
is that of an infinite series of stages of steam
flashers, all within the prime mover. Thus, the mass
flow of vapor increases continuously as the pressure
drops throughout the expansion prccess and the total
fluid is carried all the way to the lowest expansion
pressure. The process approximates an isentropic
expansion from the saturated liquid line for the total
flow, The geothermal fluid flows through an internal
nozzle control valve and at high velocity enters the
high pressure pockets formed by the meshed rotors, the
rotor case bore surfaces, and the case end face. As the
rotors turn, the pocket elongates, splits into a V, and
moves away from the inlet port. With continued rota-
tion, the V lenghtens, expanding successively as the
point of meshing of the scrr 18 appears to retreat
axially from the expanding fluid. The expanded fluid at
low pressure is then discharged into the exhaust port.

Conditions for mineral) precipitation from saturated
brines within the expander occur for several interre-
lated reasons, including temperature decrease, pressure
decrease, solvent removal, turbulence and the presence
of nucleation sites. The internal surfaces of the
expander serve as mineral deposition sites. Mineral

deposition on these surfaces accomplishes several



beneficial results. The thickness of the mineral layer
increases until the rotor-to-rotor and rotor-to-case
leakage clearances disappear and the mineralized sur-
faces are continually lapped; steady state is reached.
Thé loss of leakage clearances results in substantia

increase in the efficiency of the expander. This
clearance removal mechanism makes possible the use of
less expensive fabrication and machining procedures
during manufacture, and also makes the expander self-
healing in the event that scarring of the case or rotors
should occur. Moreover, the mineral layer has be<2n
demonstrated to prov. e excellent protection of the case
and rotors against corrosion. This protection provides
greater flexibility in the selection of relatively low
cost materials of construction, Similarly erosion is
minimal, either because the scale layer forms a protec-
tive coating or because the fluid velocities within the
machine are not high, or both.

The lapping process associated with the minerals which
are deposited on che machine surfaces withir. the
expander is a source of suspended nuclei for additional
mineral deposition and crystallization within the
expander. In an experimental investigation of mineral
deposition carried out in October, 1971, while operating
a prior helical screw expander on Well M-10 at Cerro
Prietc, HPC staff observed that mineral deposition
cccured either almost exclusively within the expander or
on the seed particl::. traveling with the exhaust brine.

4-



After 307 hours of operation, the deposits ranged from
5/32 inc. at the expander exhaust port to 1/64 in. 50
feet downstream. In the absence of the expander, the
same well and feedline plugged shut a 12 in. exhaust
pipe in approximately 80 hours. This characteristic of
mineral precipitation occuring preferentially within the
expander, either on the expander surfaces which are
self-cleaning, or harmlessly in suspension, is highly
beneficial. The tendency to deposit scale downstream
appears to be neglible, at 1least along an isothermal
path. This is important, not only for interstaqing, but
also in waste lines. .

Essential to bhigh engine efficiency is small leakage
past the rotors. This reguires small clearances, both
rotor-to-rotor and rovv:-to-case. The minute clearances
brought about by the wet lapping of the mineral deposits
in the geothermal expander leads to maximum efficiences

in this new unique application.

Three energy conversion concepts -- the Flashed Steam System, the

Binary Cycle System, and the Total Flow System -- are present

contenders for producing electricity from hot-water gacthermal

regsources.

In the Total Flow System, as represented by the HPC

Helical Rotary Screw Expander Power System, che hot wellhead

product follows an isentropic expansior directly from the wellhead

through the prime mover to the exhaust pressure and temperature.

The system is thermodynamically the simplest and is theoretically

optimum.



The successful operation cf the HPC 62.5 RVA prototype system
led HPC to the conclusicn that the de:.ign and construction of a
commercial size system was possible. 1In April of 1973, two engi-
neers from the Jet Propulsion Laboratory toured *nhe gecthermal
site at Cerro Prieto, Mexico, and observed the 62.5 XVA power
plant in operation. They agreed w.  'h the conclusions of HPC
staff.

A project proposal calling for the construction and evalua-
tion of an HPC dcsigned 1250 KVA Geothermal Power System was
prepared by the Jet Propulsion Laboratory in consulation with HPC,
and submitted to, and eventually approved by, The National Science
Foundation. The project was thereafter preempted by the Energy
Research and Development Administration (ERDA) and then by the
U.S. Department of Energy, (DOE), DPivision of Geothermal Energy,
present sponsors of the project.

The project plan called for the construction o2f a modular HPC
1250 KVA Geothermal Pows . System, incorporating the helical rotory
screw expar.der as the prime mover, to be operated on total flow
brine with an evaluation of the power system's mechanical and
thermodynami¢c performance by JPL, An inwl2ragency agreement
between ERDA and NASA resulted in the authorization of and
financing for the project. Dr. Richard A. McKay, proposal author,
was assigned to plan, co-ordinate and manage the project as
techni~cal manager and principal investigator on behalf of JPL and

NASA,



Jet Propulsion Laboratory contrac.ed with HPC for design,
fabrication, delivery, operation and maintenance of an HPC 1250
KVA Geothermal Power Conversion System, with testing and evalua-
tion to be carried out by JPL. An impartial mechanical and
thermodynamic performance report and evaluation are the responsi-

bility of JPL.



TECHNICAL DISCUSSION

The design and engineering for the 1250 KVA Power Conversion
System built during the effort being reported were based upon a
prototype 62.5 KVA Power Conversion System previously designed,
engineered and constructed by Hydrothermal Power Co., Ltd. (HPC).
The design incorporated Background Patents, Know-How and Proprie-
tory Rights previously developed and owned by BPC. Appendix A is
a Descriptive Specification c¢f the 1250 KVA Power Conversion
System.

The following discussion has been arranged in chronological
order for ease of understanding. The time period is from start of
plant construction, January 16, 1976, through shipment from the
Roosevelt Hot Springs, Utah test site to Cerro Prieto, Mexico, on
December 1, 1979,

Immediately following contract execution, various manufac-
turers were contacted for current quotations covering price and
availability for major 1long-lead time items. Consistent with
competitive bidding, "Requests for Quotations," were issued. A
copy of the face sheet of the HPC, "Request for Quotation,"” form
ie attached as Apendix B.

The planned method of construction of the prime mover housing
was changed from casting to fabricating. A meeting at the Cerro
Prieto Geothermal Plant was conducted with the CFE Dept. of
Geothermal Studies covering their recommended materials of
construction. Their recommendations were co-ordinated with
material availability from suppliers. Their recommendatiors also
covered materials of construction for the entire plant.

-8-



A basic layovrt of the expander housing was drafted. The
layout was detailed into shop drawings soon after rotor details
were finalized. Appointments were arranged with shaft seal and
bearing. manufacturers. Appendix C contains facsimile copies of
records of the chemical analysis, *hanical analysis, and
non-destructive testing records relative o the rotor forging.
Appendix D contains facsimile copies of chemical and mechanical
analysis of material used in the prime mover housing. Appendix E
shows a cutaway view of the prime mover.

A meeting with a bearing supplier covered the thrust and
journal bearings. Their quotation included strain gauges and
thermocouples in the thrust bearing pads and thermocouples in the
journal bearing babbitt. All main bearings were sized with a unit
loading of 150 psi or less. A meeting was held with a shaft seal
supplier. Various designs were discussed, including the shaft
seal design in the existing HPC 62.5 KVA Power System.

In March, 1976, a meeting was held with JPL personnel cover-
ing the electrical interfacing between the power System and Jet
Propulsion Laboratory evaluation equipment. All major electrical
equipment belonging to the Power System and supplied by HPC was
made ready for purchase. Minor details of interfacing were sched-
uled for accomplishment during assembly. Suggestions concerning
the alternator details were made by the JPL technical staff and
these details incorporated into the alternator design. Also, the
raw data for the vibration and torsional analysis of the main
drive train was assembled and made ready for the actual analysis.
In addition, the shop layout and supplies were organized and pre-

pared for the delivery of the first raw materials.

-9



In the following three (3) months, details of the prime mover
were attended to and prepared for shop drawings. Items covered
included the shaft seals, bearings, O-rings, shims and gaskets,
bolt size and loading, and the housing fabrication sequence.
items addressed with respect to the entire power plant included
the skid pad, protective coatings, minor electrical details, and
the governor control response characteristics. Governing of the
plant 1is achieved by c¢ .trolling the position of a moveable
nozzle component which forms part of the high pressure port of the
prime mover. The hydraulic¢ ccupling between the governor and the
controi nozzle is identical to the existing 62.5 KVA power plant
linkage, except for a second stage hydraulic amplifier to handle
the greater work load of the larger control nozzle component.

In order to assure quality and conformity between purchase
orders and pur ‘hased parts, an arproved Quality Control Procedure
was adopted. A record has been maintained of all signi :cant
purchased parts. Appendix F sets forth the establi-hed Quality
Control Procedure and a copy of the form for records maintained.

While construction of the prime mover housing progressed
routinely, attention was also direcvred to the safety shutdown
system and engineering data for the lubrication console.

The basic safety shutdown sys“2m consists of a gate valve
located in the inlet pipeline to the  1me mover. This gate
valve is held open by a double acting cylinder which, on loss of
electrical signal, will close the value automatically. Various
sensing switches throughout the plant control this electrical

signal. 1In addition the governor control nozzle trips to

-10-



the c.osed position on loss of electrical signal due to a fault.
The gate valve construction was chosen with the assistance of
enginerrs from Cerro Prieto, Mexico, and contains both design and
mate:-.als known to be tolerant to corrosive geothermal brines.
Asper 1ix B shows material used for gate valve construction.

The requirements to the lubrication system involve the prime
mover, speed reducer, and governor system. The prime mover re-
quizesents entail the bearings, seals, timing gears, and the heat
trans ler through the housing. The speed reducer requirements
‘nvolve the bearings and gears. The governor system requirements
irclude the governor, hydraulic servo, hydraulic amplifier and
double acting cylinder. A small requirement is also necessary for
th» automatic gate stop valve. After cnese items were defined,
anc with their requirements known, the 1lubrication console was
si.ed accordingly and construction started.

‘Tt.e main drive couplings are of the flexible gear type. The
high speed coupling is a spacer type gear coupling with a NEMA
standard diametric caper hub on the expander side for ease of
removal. Bc+th hubs have puller holes. The low speed coupling is
an over.oad type Jjear coupling. Both of these hubs have puller
holes. The pu.ler holes allow the easy removal of the hubs for
gear inte1 .n1ange in the speed reducer.

F llowing design completion of the main drive train coup-
li- ;s, a vibration and torsional analysis of the main drive train
was perforned. Appendix G containis the vibration and torsional

analysis.
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Concurrently with the plant construction, assistance was
given to JPL in a site selection survey for plant evaluation.
Various potential sites were visited in August, October, December,
and January, 1977. As part of the site selection survey, a tour
was made of the Rooseve1£ Hot Springs area in Utah, being devel-
oped by Phillips Petroleum Co. This site was uventually chosen as
having the best potential of fulfilling the needs of the evalu-
ation project. Major €factors affecting this choice were the
availability of effluent disposal, high wellhead flow and
enthalpy, potential c¢ontinuous operation of the well, and well
flow stability.

From January through March, 1977, a major effort was extended
to the welding, grinding, machining, and fabrication of the prime
mover. The housing midsection advanced through numerous steps,
including the surfacing of the end faces, finish welding tc the
exhaust section, and set-up for boring. The inlet port and nozzle
area was organized, prepared for shaping, and shaped for accep-
tance of the control nozzle component. The housing was aligned
and pinned and the midsection finish machined. The inlet port
flange and foot pads were welded to the housing and the housing
was aasembled in preparation for hydrostatic testing. Numerous
minor items were fabricated such as special tools for assembly and
disassembly of the prime mover. an alignment fixture to position
the prime mover on the skid pad, and hydrostatic test pump
equipment.

The hydrostatic testing of the prime mover housing involved

two regions, the high pressure region and exhaust region. For
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hydrostatic testing, the high pressure region was isolated from
the exhaust region with a bulkhead fixture. On April 7, the mid
and low pressure regions were hydrostatically tested to 450 PSIG,

following the ASME Boiler and Pressure Vessel Code. On June 29,

the high pressure region was hydrostatically tested to 1080 PSIG,

following the ASME Boiler and Pressure Vessel Code. A hydrostatic

test was also conducted on all onboard inlet piping prior to
installation.

Concurrently with hydrostatic testing, numerous other items
were completed. Inspection and acceptance testing was made on the
speed reducer. Appendix H contains efficiency and performance
curves for the speed reducer. The alternator had been tested and
inspected earlier. Appendix I contains efficiency and performance
curves relating to the alternator.

The prime mover was assembled for an alignment, clearance
check, and pinning of mating parts. Rotor machining and hard-
facing were completed and the rotors balanced with bearing, seal,
and coupling parts attached. Residual imbalance is shown in
Appendix J. Hydraulic plumbing was completed for the shaft seals,
governor, bearings, and buffer grease system. Installation of
electrical switchgear, wiring, and instrumentation was partially
completed with calibration of safety stop sensors.

Subsequent to the hydrostatic testing, the assembled prime
mover, speed reducer, and alternator were mounted and aligned
on the main skid pad. The alternator was mounted first
and bolted directly to the skid pad and aligned with studs to the

alternator feet. Next, the speed reducer was mounted to the main

-13-



skid. Alignment was effected by using thermoplastic grout, brass
shims and alignment studs to the speed reducer feet. Finally, the
prime mover was aligned to the speed reducer in the same fashion.
With the main drive train mounted and aligned, the drive couplings
were installed and attention directed towards the completion of
sub-systems in preparation for dynamic plant testing.

Prior to dynamic testing, planning was done by staff from
HPC and JPL and a procedure formulated entitled, "System Test and
Acceptance Procedure". The procedure followed by both JPL and HPC
staff is set forth in Appendix K.

Dynamic plant testing was scheduled for August 13, 1977. The
first half of the month involved preparation for this testing. A
faulty overspeed switch was replaced, and a desiyn impreovement was
made to the governor override solenoid valves involving the
hydraulic port location on the governor.

For dynamic testing, compressed air was used as the motive
fluid to drive the prime mover. The dynamic testing was termi-
nated early, after a spline drive to the governor sheared, and in
the process destroyed much of the governor. The problem was later
diagnosed as a tight fitting spline, allowing no radial mis-align-
ment between the governor input drive and female rotor shaft.
Arrangements were made with the governor manufacturer for a
repaired governor, and the clearances on the spline coupling were
increased to allow for radial run-~-out.

Thue dynamic tesing was re-scheduled for September 14. Pre-
paration included general check-out, replacement of a hand pump

with an electric drive pump, and adjustments to the response time
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in the governor hydraulic system. The acceptance testing was not
completed due to a seal failure on the male rotor high pressure
end seal assembly. Subsequent to inspection and consultation with
the seal manufacturer it was concluded that the failure was due to
an extreme overpressure .n the supply oil to the seals and lack of
proper relief valves for that pressure. It is believed that the
extreme overpressure was caused by normal seal heating and
subsequent fluid expansion within the seal assembly. Relief
valves were installed on the supply o0il lines to each of the
seals. In addition, the male rotor high pressure end seal
assembly was re-installed with only 4 of its original 7 seals.
This reduced frictional heating.

On October 20, the power plant was again operated on air.
After approximately forty (40) minutes of operat_on and acceptance
testing, rotor contact was noticed. The tast run was tesrminated
and re-scheduled for the following week after the timing gears
were re-set, It is believed that a contributing factor to the
rotor contact was housing distortion due to the cooling effect of
the air as it expanded across the prime mover.

On October 27, the power plant was again operated on air.
The plant was operated for approximately 1 hour, 45 minutes, dur-
ing which most of the acceptance testing procedure was completed.
The testing was again terminated by a failure on the male rotor
high pressure end seal assembly. Subsequent investigation
revealed inadequate clearances between the stationary and rotating
part due to thermal growth. Added clearances were machined into

the seals and acceptance testing scheduled for December 4, 1977.
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On December 4, acceptance testing was successfully completed
after approximately four (4) hours of continucus operation and
satisfactory completion of all items covered in the "System Test
and Acceptance Procedure”.

As specified in the contract, construction of the Power
Conversion System was scheduled for 15 months at a cost of
$477,791. Actual construction time was 22 months and 19 days at
an aproximate cost of $481,000. The schedule variation is
attributed essentially to delays in issuance of initial purchase
orders and mechanical problems during acceptance testing.

Following successful delivery of the plant, effort was given
to: modifications to the plant needed for operation on Phillips
Well 54-3; packaging; and site preparation. Th> modifications to
the plant involved the re-design, ordering and installation of
electrical switchgear suitable for the re-injection pumps required
for this particular test site. The site preparation involved
grading, placement of cross timbers onto which the plant was
positioned, and site layout for the location of major items such
as the data van, load bank, auxiliary power plant, exhaust holding
tanks, shop facilities and living quarters. Appendix L contains a
schematic of the Utah test site layout.

Prior to shipment of the Power Conversion system, it became
evident to Hydrothermal Power Co. that shop facilities and support
at the remote Roosevelt Test Site were unavailable for the project
needs. To fill this need, HPC constructed a mobile shop trailer.
The shop was well equipped with tools to provide a wide range of

services such as welding, cutting, grinding, threading, cleaning,
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and painting. In addition, the shop contained a broad selecticn
of fittings such as valves, tubing, gaskets, and packing mater-
ials. The shop trailer proved to be a tremendous asset at the
test site.

‘'The Power Converzion System was delivered to the test site
on Pebruary 1, 1978. The balance of the month was expended in
off-loading the system, site preparation for and placing of the
exhaust holding tanks, and errecting a protective steel building
for the power system. Assistance was given in the planning for
the inlet and exhaust piping, placement of the test van and other
test facilities.

Prior to running the Power System, a procedure for 1logging
and recording various important plant parameters, such as
0il flows, pressures and temperatures was developed. The record-
ing and logging procedure was planned to compliment the testing
data to be recorded by the computer system housed in the JPL Data
Van. As a part of the logging and recording procedures, forms
were prepared suitable for manual logging and subsequent filing.
Appendix M is a copy of the logging form. The initial time period
for recording was every one-half hour, but was soon changed to one
hour intervals as confidence increased in the process and equip-
ment. Items concerning the plant status were also logged in the
data van as part of the test data. 1In addition, periodic record-
ings were taken of the main drive train vibration level at eight
(8) marked locations. A vibration meter was used for this purpose
(Sonidet Meter, Cardwell Condenser Corp.). Also spot visual

checks were continually made during operation.
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The first half of March, 1378, was expended in assisting the
Principal Investigator, Dr. Richard McKay, in the completion of
the inlet and exhaust piping and data aquisition system. The
first run was on March 16. After approximately fifteen (15)
minutes running, a governor spline broke. Repairs were made to
the governor and the system was again run on March 21. During the
balance of the month, the system was run at intervals, being shut
down frequently while changes in the inlet piping and inlet piping
controls were made wunder the direction of the Principal
Investigator.

Operation and testing at the Utah test site can be broken
into two (2) catagories: Power System Operation and Site
Process Operation. The Power System involves only the process
from the inlet flange to the exhaust flange of the HPC Power
System. The Site Process includes everything from the wellhead
through the Power System to the disposal well located one and four
tenths (1.4) miles from the wellhead.

Initial operation of the Power System involved becoming
familiar with the site process and then adjusting the process
controls for stable, steady operation; a critical requirement for
testing. A significant improvement was made to the site process
operation when the wellhead separator level was instrumentated and
proper level maintained.

A problem that persisted throughout all the testing involved
the inlet piping from the point where the steam and water were
mixed to the point where the mixture entered the prime mover. The

problem manifested itself in the form of unstable flow and
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slugging which prevented stable 60 cycle operation, forcing the
plant to vary at times + 2% in frequency. This unstable flow was
most noticeable betwezen an inlet gquality of 1% and 10% steam. With
Jualities ¢ cater than 10% steam, the higher flow velocities
appeared to assist in mixing. Different diameterc of inlet piping
were tried with some success, in an attempt to prevent unstable and
slugging tflow. With zero steam quality or all 1liquida fee. , the
plant operation was surprisingly smooth and steady. However. under
some conditions, where the inlet control valve was par-* 1.y open,
water hammer would occur in the inlet piping.

Concurrently with the effort to improve the unstatle
inlet fiow, efforts were made to improve the governor system
performance. Some success was obtained by cutting throttling
notches into the spool for the hydraulic amplifier.

Another problem area during plant operation involved silica
scale buildup in the waste disposal pump strainers. Part of the
pipeline between the waste holding tanks and the pump inlets took
advantage of an existing used pipe, previously installed for other
purposes by Phillips Petroleum Co. This pipe length continuously
shed scale which clogged the strainer to the pumps along with new
scale which was continuously precipitating during plant operation.
Much of the used pipe was removed with some improvement to this
problem. By alternately switching between the duplex pumps, plant
operation was maintained with vepetitive strainer cleaning as
required.

Another problem 2f a more serious nature involved the prime

mover snaft seals. As testing and plant operation progressed, the
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seal leakage rate continued to increase. On April 23, inspectio..
revealed that che male low pressure seal leakage rate was 2xces-
sive. Subsequent removal revealed a cvrac’ »d seal sleeve and
serious errosion, with silica scale build-up. The seal assembly
was replaced. In the hope of preventing another failurc air was
injected through pre-existing ports .o the hign pressur end
seals. Pre-existing ports were not available to the low 9:=23ure
end seals and could not be machined into the housing in the time
available. Well shut-in was scheduled for June 1, 1978. The
decision was maae to continue testing with the recognized risk of
another seal failure.

On May 3%, 1978, one day before the scheduled termination of
the Utah testing, the same shaft seal failed in a catastrophic
manner. The seal failure friction welded the seal sleeve to the
shaft, ruptured and demolished tire seal ass~mbly, bent the shalt,
and due to excessive heating, melted the adjacent bearing bab-
bitt.

Repair of the plant began subseqguent to the post calibration
of the evaluation ins“rumentation, preservation and storage of
process equipment, and well site cleanup. Repuir of the power
plant was centered around repair and re-designing of the shaft
seals and improvemement of other plant aspects for better all
arcund performance.

The fundamental design change to the shaft seals involved tae
addition of a fresh water flow across the seal area axposed to the
brine process. This fresh water acts as a shield, or buffer, pre-

venting mineral build-up in the seal assemblies.
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To accomodate the new seal design, the safety shutdown system
was changed. The change involved the installation of flow
switches to each seal flush water line. The change also involved
differential pressure switches and gauges installed on the
oil/flush water system on each seal assembly. These switches are
all wired in series with the existing shaft seal pressure relay.
In addition, to handle the additional power requirements of the 24
VDC system., the batteries and battery charger were changed to a
larger size.

At the Utah test site, there was no source of fresh water for
use across che shaft seals. For the continued Utah testing, the
most readily available source of flush water was determined to be
steam condensate. The equipment involved is a steam/exhaust brine
heat exchanger located in the exhaust holding tanks and then a
condensate/air heat exchanger to supply a holding tank with con-
densate at a temperature < 160°F. The holding tank is used to
supply a metering pump which feeds each seal assembly.

nuring the 1978 spring testing in Utah, the power plant
experienced an abrupt 1load 1loss of more than 500 KW with
subsequent overspeed and automatic shutdown. Proper governor
design should be responsive enough to allow full 1load changes
without overspeed or underspeed shutdown. A design improvement of
the plant involved a custom built hydraulic amplifier and
increasing the hydraulic oil supply for quicker governor response
and greater work rating.

Also during the 1978 testing, wat2r hammer was experienced at
some control value positions with all liquid inlet feed. The
inlet port <counfiguration was : .osequently changed to eliminate

this problem.



In addition, during the spring testing, it was determined
that there was one major source of noise, the alternator cooling
fan. In an attempt to attenuate the noise, a quieter fan was
installed, shrouded and lined with a s»und absorbent material, and
ducted away from direct ear contact.

With resumption of well flow by Phillips Petroleum Co., in
the spring of 1979, and mid July completion of the plant repair,
efforts were directed to the evaluation equipment re-installation,
calibration, and general test site preparation. Equipment
calibration and site preparations were hindered somewhat by a well
blow-out in June 1979, which deposited salts and scale over the
entire test site, causing numerous electrical problems.

Checkout of the fresh water system revealed that the steam
condensate contained large amounts of iron carbonate, which preci-
pitated probably as siderite. Various methods were attempted to
solve this problem. The solution involved changing the design, to
first aerate and mix the hot condensate with bentonite and then
hold the mixture in a large tank where the bentonite and newly
formed iron oxide would settle out. The resulting water was then
filtereu to 25 microns and fed to the seal metering pump.

Plant operation for testing c.mmenced on Augqust 29, 1979. As
testing continued, it became apparent that naturally formed
mineral depositions would not close the clearances internal to the
prime mover. The rate of deposition was too slow to close these
clearances in the time allowed for testing. Recognizing the

importance of internal clearances to prime mover performance, an
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attempt was made to chemically force mineral deposition to occur
at an accelerated rate.

The method used to force mineral deposition to occur involved
the injection of a calcium chloride solution direétly upstream of
the prime mover inlet. The necessary equipment involved mixing
tanks for the solution, a metering pump, and an injection line to
the prime mover inlet. Various combinations of concentration and
flow rates were attempted with some success. However, the result-
ing calcium carbonate deposition that did occur deposited
preferentially in some areas and not others, and continally broke
off in large scales. The attempt to force mineral deposition to
occur was subsequently terminated and attention given to other
aspects of the evaluation.

One incident did occur, however, that demonstrated the need
for a jacking motor to slowly rotate the plant immediately after
stopping and before startiang. Upon stopping the plant after a
test run, during which a particularly concentrated solution was
injected, the rotors became locked as the housing was allowed to
cool to ambient temperatures. In order to free the rotors, it was
necessary to block the exhaust port and f£ill the housing with a
mild solution of hydrochloric acid and metal pickling inhibitor.
After approximately 24 hours of scaking, the rotors became free
and testing was continued. A jacking motor has subsequently been
installed and appears to have solved this problem.

During continued testing, water build-up was noticed in the
main lube o0il reservoir. Inspection revealed that flush water was

migrating back across the shaft seals into the bearing areas, and
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to the o0il reservoir at a rate of approximately 100 cc/min. This
leakage was recognized as a seal short-coming and th:t the water
would have to be periodically removed at the reserveir. FPor the
short term and continuation of testing, bleed steam was used to
dry the reservoir during periods of plant shut down. For the
longer term a water/oil separating centrifuge was ordered for
continuous water removal.

Concurrently, with the test activities in Utah, many visitors
observed the plant in operation. During one visit, a group of
foreigners, some of whom were involved in geothermal activities in
their respective countries, toured the test site. They were
impressed with the plant operation and test activities. Their
interest led to an International Energy Agency (IEA) agreement,
whereby the Power System and support tes* equipment would travel
abroad for demonstration purposes. First on the demonstration
schedule is Mexico, where the plant would be operated in the
geothermal field at Cerro Prieto.

Utah plant operation and testing was terminated on November
14, 1979. Post calibration, packing, and site clean-up followed,
with loading and shipment to Cerro Prieto, Mexico, on December 1,
1979.

The support activities in Utah involved a time period of 24
months from plant delivery on December 4, 1977, through shipment
to Mexico on December 1, 1979. Total cost for Hydrothermal Power

Co. efforts during this time period was $530,927.
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CONCLUSIOMS

*s a result of the reported effort, we conclude:

Problems associated with tke initial plant operation are
considered incidental and should be viewed as a normal
debugging process for new equipment.

Varied geothermal well prcduction characteristics put a

large demand on the governor system. Control needs to be

maintained over a wide range of inlet pressures, flows,
and electrical loads. Design improvements to the
governor system should satisfy these control needs.

That substantially all of the conclusions from the test-

ing of the 62.5 KVA Prototype Power System are confirmed.

In particular, the following conclusions were verif_ed.

A. The helical screw expancder is a useful, efficient,
total flow prime mover;

B. The 3caling or mineral deposits reduces leakage,
between rotor-to-rotor and rotor-to-case, resulting
in a substantial increase in machine efficiency.

That internal inspection of the prime mover has revealed

nothing to prevent long term waintenance free operation.

The nature of the equipment, including the fault and

safety shut down system, points to a Power System capable

of extended periods of continuous, unattended operation.
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That a Geothermal Power System could be built from a
standard set of materials, adaptable to a large variety
of geothermal wells and fields, and developing mechanical
efficiencies greater than 70%.

That adoption of the recommended modifications would
enhance the efficiency and overall attractiveness of the
HPC Power System to the Geothermal Industry.

Test results have shown that the power conversion system
does have an application for power recovery from geo-
thermal brines having an extremely broad range of
gualities.

The prime mover can be characterized as having a weight
to power ratio somewhere between turbines and reciprocat-
ing prime movers. For example, with an installed prime
mover weight of 100 tons, a diesel wculd procduce 12 MW, a
helical screw 30 MW, and a steam turbine 200 MW. This
will limit the single shaft power output from a helical
screw to about 50 MW utilizing existing heavv industry.
This size may be increased by utilizing fabricated hollow
rotors. An attractive size appears to be approximateiy 5
MW where the entire power plant can still be maintained
easily transportable on skids and 1located near the

wellhead.
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RECOMMENDATIONS

The following recommendations are based upon operating expe-

rience.
simpler
We

1'

If adopted, they should result in reduced maintenance and
future operation.
recommend:

a H2S removal system be installed in all electrical
enclosures;

a longer and wider main skid-pad for easier equipment
access for servicing and maintenance;

that the safety shut-down electrical system be isolated
in its own enclosure;

that the hydraulic actuator to the automatic stop-gate
valve be located in a vertical position;

that the hydraulic actuator of the automatic stop-gate
valve have an adjustable stroke cushion to reduce mech-
anical stresses on the main drive train during fault
shut-down;

that the inlet pipe to the prime mover be welded to the
main skid pad to reduce stresses to the prime mover feet,
which could lead to misalignment;

that provisions be built into the 1lube o0il console for
additional cooling capacity when the plant is operated in
hot desert environments;

that additional inspection ports be built into the prime

mover housing;
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10.

11.

12.

13.

14,

improvements be made to the governor control system to
allow stable plant operation at various inlet pressures
and electrical loads;

a larger lube o0il reservoir capacity to accommodate ov:
loss due t6 nominal shaft seal leakage;

that the manual start hand pump be changed to electrical
drive;

that an event recording system be installed to monitor
the plant and record the failure sequence in a fault
shutdown;

that additional testing be done at different speeds, and
with various field parameters:;

that an HPC Power Conversion System, with a nominal capa-

city of 5 MW be constructed, incorporating the above

design changes.
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NEW TECHNOLOGY

Prior to the issuance of the subject contract, Hydrothermal
Power Co., Ltd. (HPC), had developed New Technology through
extensive research, resulting in patents, know-how, and
proprietory rights. The research culminated in the successful
operation of a prototype 62.5 KVA Power System.

Following the execution of the subject contract, HPC peti-
tioned the U.S. Department of Energy for and received an "Advance
Waiver" on New Technology developed during the performance of the
contract.

No reportable items of New Technology were identified or

developed during the fulfillment of the contract terms.
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DESCRIPTIVE SPECIFICATION
for
GEOTHERMAL POWER CONVERSION SYSTEM
supplied by
HYDROTHERMAL POWER CO., LTD.
Pasadena, California

May 9, 1980

The Geothermal Power Conversion System consists of a Lysholm type
expander with sixteen and one-half (16.5) inch diameter rotors, a
speed reducer and an alternator, complete with all necessary
auxiliary equipuent and accessories required for use as a
geothermal wellhead electrical generating plant. The drive traia
is a skid mounted, factory assembled unit, susceptible of trans-
port wit! hut dismantlement. Heavy tarpaulins are provided for
protection of the System during shipment or site storage. The
Contractor's predictions of System performance are set forth in
Appendices 1 and 2 herewith. The System includes the following
assemblies, sub-assemblies and components:

I

Main Drive Train

The main drive train is mounted and aligned on a structural steel
base pad or frame. The basic envelope is 6 ft. in width, 8 f£t. 1"
in height, and 25 ft. ir length; the weight is approximately
25,000 lps. The main drive train is exposed for ease of inter-
facing with process piping, lubrication o0il console, and
electrical switchgear. The equipment is designed for outdoor,
unattended operation for extended periods. The main drive train
congists of the following sub-assemblies:

(Prime Mover)

The prime mover is a Lysholm-type machine designed for operation
as a high enthalpy brine expander having the following features:

1. A fabricated steel housing with porting to provide for a
variable volume ratio. The housing incorporates a gate-type
governing valve that controls this variable volume ratio.
The inlet port is an 8-inch. 300 lb., ANSI raised-face
flange., The maximum allowable operating condition is 625
psig at 500° F.

Page 1 of 9
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2. The low-pressure end is of stainless steel with a 24-inch,
150 1b., ANSI raised-faced flange.

3. The shaft seal assemblies consist of a combinztion of
segmented carbon seals, floating ring seals, and labrinth
seals. Oil is maintained behind the segmented carbon seals
at a pressure slightly higher than the flush water pressure
to prevent water intrusion into the oil syst--,

4. Radial bearings are pressure-lubricated, tilt-pad type sized
for moderate to low specific bearing pressure. Thrust
bearings are large, sturdy, self-equalizing type of conserva-
tive design for long life. One hundred ohm platinum resis-
tance temperature detectors are provided on all bearings.

5. Two 1 1/4-inch, threaded, plugged, inspection holes are
provided in the rotor bores with provisions for measuring
rotor wear.

6. Rotors are machined from solid, one-piece forgings to provide
the maximum practical bending strength.

7. Rotor construction is suitable for 100 psi pressure differen-
tials at rotor speeds up to 5,000 RPM.

8. Hard-surfaced rotor tips and end faces are provided.

9. A jacking motor is provided to slowly rotate the prime mover
during periods of startup and shutdown.

The prime mover housing is hydrostatically tested according to the
ASME Boiler and Pressure Vessel Code. The inlet and high pressure
regions are tested to meet Oor exceed a 300 lb. ANSI rating. The
exhaust and low pressure regions are tested to meet or exceed a
150 lb. ANSI rating.

(Speed Raducer)

A suitable speed reducer is provided and is flexibly coupled to
the prime mover and to the alternator. The speed raducer is a
parallel shaft horizontal offset design having sleeve type be r-
ings. Lubrication is provided from the main lubrication console.
The high and low speed couplings are self-aligning gear type with
sealed grease lubrication. The low speed coupling is of the
shear-pin type. The couplings are designed to operate for 20,000
hours before recommended disassembly for an alignment check and
ra-lubrication. The speed reducer is generously sized for an
extended life of greater than ten years before overhaul, Gear
sets for three gear rati.c, 5000/1800, 4000/1800 and 3000/1800 rpm
(approx.) are supplied with the gearbox.
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tAlternator)

The alternator is a continuous duty 1000 KW, 1250 XVA, 0.8 p.£..,
1800 rpm., 3 phase, 60 HZ, 480/277 volt, 4 lead, 2 bearing, drip
prcof, enclosed machine suitable f<r operation in a desert
environment, and having a directly ccnnected brushless excitar and
a 80lid state voltage regulator. The alternator bearings are .°£
the antifriction type with double shields and are lubricated at
the factory. The aiternator bearing is of a design capable of ten
years of continuous operation. Two 100 ohir platinum resistance
temperature detectovws are installed in each phase of the windings
to make possible a continuous indication of alternator tempera-
ture. A 100 ohm platinum resistance temperature detector is
installed on each bearing. To reduce noise, the cooling fan is
ducted and shrouded away from direct ear contact.

II
Oil Systsm

The oil system provides bearing lubrication as well as cooling for
the prime mover and the speed reducer. It also provides oil for
the shaft seal needs and the hydraulic needs for the2 speed
governor and safety shutoif mechanisms. The oil system also
includes a heat exchanger and other provisions necessary to
maintain the prime muver and the speed reducer at proper operating
temperatures by transfar of heat from the oil to the surrounding
atmosphere. A fully automatic greasing 3ystem is provided for the
lubrication of all critical surfaces or bearings within tche brine
inlet and governor control valve. The oil system includes the
following subassemblies and components:

(Lubrication Console)

M 300~gallon reservoir with sight gauge, breatnay, and {ill
cap

2. Duplex filter and transfer valve
3. Forced draft oil-to-air heat exchanger
4. Oil pump directly connected to speed reducer at 1800 rpm

S. All associated piping, temperature and pressure regulators,
gauges, and switches

(Shaft Seals)

1. Booster oil pump, filter, accumulator and regulators to shaft
seals

2. A flush water pump, duplex filter with transfer valve, and

flow meters to fead one GPM of 3uitable flush water to each
shaft seal
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3.

A water-0il centrifuge to remove water from the seal oil
discharge
(Auxiliary PFunctions)

sufficient oil capacity and accegsories are provided to
assure proper operation of the governor and its hydraulic
amplifier

Sufficient oil capacity and accessories including an
accunulator are provided for hydraulic operation of the
automatic gate shutoff valve.

IIX

System Conirol
(Speed Governor System)

The govemor system has the following features and characteris-

tics:

1.

2.

The governor is a mechanical flyball-type, flexible spline
connected to the female rotor of the prime mover.

The governor output is amplified through a hydraulic servo
mechanism for operation of the governing valve located in the
orime mover inlet port.

There is a means for adjustment of the governor with provi-
sion for remote control from the electrical control box.

The governor control mechanism provides means for either
iscchronous control or droop control at the election of the
opeirator. The accuracy of control in either case is within
plus or minus one quarter (1/4) of 1% of the speed set or
selected by the operator.

(Automatic Gate Shutoff valve)

The automatic gate shutoff valve is wired for automatic fail-safe
operation wheneve there is a dropout of the electrical signal
required to hold it open. The generator output breaker trips open
also with a dropout of the electrical signal due to underspeed.

Provisions are made for actuation of the automatic shutoff valve
in consequence of any one or more of the foilowing conditions, any
one of which will trip and rfully close the automatic gate shutoff
value within fifteen (15) seconds:

1. Underspe<d

2. Oil supply overtemperature

3. 0il supply underpressure

4. Shaft seal low differential pressure
5. Shaft seal low flush water flow

6. Excessive vibration

7. Actuation of manual stop switch
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Provisions are also made for actuation of the automatic shutoff
valve in consequence of any one or more of the following condi-
tions, any one of which will trip and fully close the automatic
stop gate valve within one (1) second:

1. Overspeed
2. Actuation of manual emergency stop switch.

Relays are provided for remote actuation of both the stop and
emergency stop switches.

v

Electrical Systems
The Geothermal Power Conversion System is designed for starting
without any external electrical power source. Batteries are pro-
vided to energize the safety shutoff circuit during startup and
during normal operation. During operation, all necessary
electrical energy, including that for battery charging, is pro-
vided by the System itself. All of the electrical lines, connec-
tions and contacts are protected from the corrosive salts and
gases prevalent in geothermal environments. Protection for all
instrumentation and signal wires is provided by conduit, gutter or
tray as appropriate for the protection and isolation of such
circuits within the perimeter of the Geothermal Power Conversion
System. The electrical system includes the following
subassemblies and components:

(Alternator Control and Protection)

The alternator is provided with all necessary or required protec-
tive and control devices requisite for safe operation. Accord-
ingly, an output circuit breaker complete with solid state
protective devices for circuit fault, ground fault and thermal
overload ccnditions is provided for the main load. The output
circuit breaker has a 120V AC shunt trip coil. In addition, a 40¢C
amp., 480 V., 3 phase breaker panel is provided for possible power
needs at the geothermal plant site. A separate 120 volt output
breaker is provided for all inhouse usage.

The alternator is provided with a control box or console having
provisions for the measurement of alternator frequency, voltage,
current, power output, and kilowatt hours. A current transducer
and a power transducer each provide 4 to 20 MA output. Indicating
meters are provided within the control box. Means are also
provided there for the convenient conncction for external record-
ing of amper.age and voltage. The control box also contains an
elapsed time meter, necessary relays and timers, as well as the
voltage regulator and a remote governor control switch. A 10 RVA
single-phase transformer with 110/240 volt output together with
output circuit breakers for the control of all electrical energy
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(station power) used for operation of the System is also provided.
The arrangement of the control box panel is generally in accord
with JPL Drawing No. SE/60-0 that appears in the JPL ELECTRICAL
STANDARDS published in June 1975 by the JPL Facilities and
Engineering Construction Office.

(Remote Monitoring)

A terminal box containing a terminal strip is provided to
facilitate the remote monitoriag of the following:

1. Alarm and sensor contacts giving indications of improper
speeds, pressures, temperatures or vibrations

2. Remote circuit breaker trip mechanism
3. Station power (120/240 volt)

4. Temperature sensors

5. Bearing locad sensors

6. Amperage transducer

7. KW transducer

8. KWH pulse

9. Voltane

10. Frequency

11. 24 Volt DC Supply.

{Remote Control)

A terminal box containing a terminal strip is also provided to
facilitate the remote control of the following:

1. Voltage
2. Frequency
3. Normal stop

4. Emergency sStop.
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v

Inlet Piping

The System includes adequate means for support and flexible
coupling of the upstream piping so as t¢ minimize any mechanical
loading of the prime mover. The inlet piping is capable of safe
handling of geothermal fluids at pressures up to 625 psig and
temperatures up to 500°F. All inlet piping is hydrostatically
tested to the ASME Boiler and Pressure Vessel Code to meet or
exceed a 300 1b. ANSI rating. The inlet piping of the System
includes the following components:

1. 8-inch, 300 lb. ASA gate start and stop valve

2. 8-inch, 300 lb. ASA automtic gate stop valve,
pneumatically-hydraulically actuated

3. Flex-coupling at prime mover inlet, 8-inch, 300 lb. ASA
rating

4. Burst~type bypass plus relief valve.

VI
Drawings
The Geothermal Power Conversion System is furnished in conformity

with the following drawings as prepared by the Hydrothermal Power
Co., Ltd.

Drawing Number Issue Date
l. B-13 As revised 1-18-78
2. B-14 As revised 5-9-80
3. B-20 As revised 5-11-80
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APPENDIX 1
HYDROTHERMAL POWER SYSTEM PERFORMANCE
1250 RKVA PLANT

CASE 1 CASE II
SIZE 16.5" Rotor diameter same
. 25" Rotor length
POWER 1000 KW Prime Mover same
Shaft Output
RPM 4000; = 288 ft/sec same
tip velocity
FLOW RATE 135,000 1lb/hr. 85,000 lb/hr.
ENTHALPY 424 Btu/lb. inlet same
TEMPERATURE 444°F same
PRESSURE 400 PSIA inlet 400 PSIA Inlet
14.7 PSIA exhaust 3 PSIA exhaust
QUALITY 0 at inlet same
EXPANSION RATIO 347/1 1500/1
PRIME MOVER EFF. 708 of isentropic 65% of isentropic
SPECIFIC CONS. 135 lb/KWhr. 85 lb/RKWhr.

NOTE: Assume Keenan and Keys Thermodynamic Properties of Water,
1969 edition.

A9
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L-HEAD PRESSURE - PSIA

APPENDIX 2
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Exhaust Pressure = 14.7 psia
Assume Efficiency = 70%

10 v gl A BN
100 200 500 1000 3000
SPECIFIC POWER OUTPUT KW
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HYDROTHERMAL POWER SYSTEM
PRIME MOVER PERFORMANCE
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*'YDROTHERMAL POWER CO., LTD,
2051 Woodiyn Rosd * Porodene, Colifornia 91104 (213) 798-1003
37032 Vie Callsde *® Mission Vieje, Califommie 92475 © (714) 837-308)

REQUEST FPOR QUOTATION ;

- —_— RFQ NO. ___ 76-F=2 DATE_April 21, 19|

PRIORITY RATING DO-A2 i
CERTIFIED UNDER DMS REG. 1 z

- TAxasle __no[X]  ves ()

CALIF.RESALE NO.__ SR AP 17-668216 |

TO BE CONSIDERED YOUR QUOTATION MUST BE RECEIVED BY HPC NO LATER
THAN _May . 17, 1976 DATE MATERIAL REQUIRED__ Sept. 15, 1976

DESCRIPTION OF ITEM(S)

AUTOMATIC GATE VALVE

(1) One 8" 300# ASA flanged, hydraulically actuated, Gate Valve.
Body, bonnet, and yoke of ASTM A216 grade WCB; seats and wedges
of ASTM 182-F6 and with Stellite No. 6 coaring; and the stem of
ASTM 182-F9. The valve shall be controlled by two input signals
either one of which will automaticall: close the gate valve upon
signal loss. Both signals shall be 12 VDC with 2 amp. maximum
current. Signal loss from one of the inputs shall close the gate
* valve within one second, and a signal loss from the other input !
shall‘floae the gate valve in approximately 15 seconds. f

ORIGINAL PAGE 1S

0.8B. Estimated Shipping Weight Terms Dace Macerial Will Be
- Shipped
Hereby Submit che Above Quotation Phone No. By (Typed Name) Signature Dace

(The Contractor)
COVERNMENT SUBCONTRACT

Any Purchase Order {ssued by HPC as a result of your quotacion will constitute o
subdcontract under Contract NAS7-100 between the United States of America and cthe (over)
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AIRCRAFT - ALLOY - CARBON MARY INSPECTION
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BEFERENCE STANDARD PROCEDURE
ASTmM- BloocK- /340 )
{%' £ 8.7 §o3o00

REMARKS & SKETCHES

Thrs ‘ReporT s iw AadddTrow 7o tLTansome Repoal !
daTed SepT. /7, /97¢, L
U srivg e 0300 TesT Block +hére ss CowTimvovs ClusTeas i
up 7. 8574 (ﬂuc - A5%) from £ 7o /7 off 2/ Con Tiwvors Lo 5
/f/f” -Fp,vm He Ewd 10 e 762" grm. ZdicnTions faom
#/ fEew T5 grc ps follows, vsyvg The 50300 7es7 Block #s /40{,
2/ - 70% ZadveaTion
#2 - 427 ZadicaTiow :
oSy g e
#e) - 507 TodionTiow |

725" = A0% FadicaTlon
6/2- 10607:0”5 o‘F j«Jt&&Z;MS‘ S ec ﬂmc:(acj .Sl(aTc./-,

Tesl_ Ly . <@ - 2 -yf Len L ZT o
PART DESCRIPTION OR DRAWING NO. QUANTITY ITEM NO.
@ fuss = 19673570 C1 /

TEST RESULTS: DISPOSITION:
AccEPT G = INSPECTION :tz . / /
D ENGU.EER .. ) . %ﬂm ...................

HOLD D REWORK D
INABLE M RETURN MATEPRIAL 1 CUSTOMER




ekt oo o
< Fm YR M USRI LY, S o I, ey P o

nuuu-: Tl 1A 1Y AN J.ﬂ‘a’

§
' -

?

>
'
i
[}

P
N.
>
o
~
0
I

.
’ ) L I
ba 23
| PR
3

0o | v cvn——

1

s ' ’ - i . -
u-' ‘ l .
!. - oL » ot Sammn—— - s “fie } . .-.—{ -‘—J o.}‘ - =
? b HN; s i) fod - :
17, LI A TTT1 412901
N 9 “és .!__.,’, .....'_-_'....] —_ !"‘{é—}",....-.‘.... : ! - .-..l ; ‘7%?.... !
Mo £ x DA s e g | ffi - DIAL =R L = | PIAG -
P awes T v } . Py
; ' l ' l P I .‘ R
+ - - - - .' - - - - - - § e o
T f il
~ | | R s NN ? ‘ ' i 1. . -l
n f- @b meho e s 1 & - P R ol . H .~.. Vrmm e - -y - - Y T . - - —
PO | l 24' i N 1262 e 3" .
~f - T i i et ot e Y o Rt | B SR SURY B B I -
i l.._! .! covjame b o N ) D A JER SR cmfrmape cpeide eof o mde-
s =
R T CO T Tt L R Ot O [ S I O R O O T O O O
l i REN ] LT

‘? .Z.ZoM//z/oL,, W/a—o/ o?’%’/{‘fﬁ
A . PR

2 22:#/#7./"04« W 20k - f"”ﬁ*““ff‘f

O P /2041‘» o l: ‘/oy = S
*3 - 2’3‘3”/{2/9&-«. W

Py te /‘z '30/ .
e - .

lyoo 6?
Y - .zzo’%%z /éZ‘ ‘Q’Mw I5% - M-.-‘._{.» “ .
R
( ,

M//Z / oz'-‘ W“"/Qy wofeae %/Eﬁ

J‘ 2 .2.9 . /50/

. ' ‘c .
.o ” .
te . Ve

W S //MW“@

.
C 2 ORIGINAL PAGE IS :-
. - OF.POOK QUALITY

. .o
h ]
gy ST T N O » .
i - ‘ o




) S O PR O SN N

-

—f oy - -

-

)
A
Al

4.
|

z

2

x*

l
| -

!
e
2}

OF POOR QUALITY.

ORIGINAL PAGE IS

C3

“ G ¢ O
. L] i ' *
m ﬁ —ot { _ )
o m 3o .

i 3 I |

. . ]
S | |

1 i

U SO o S SRS ST JN S

"
—.

Lk =y r‘n- s s e e 2 8 il EL
H t

~>px 3 N

B S U R .




SPECIALIZING IN STAIMLESS & HIGH TEMPERATURE ALLOY  ULTRA.

+  AIRCRAFT - ALLOY . CAREON

Bars & Forgings .
Complete Haat Treating, Laboratory & Testing Facilitics REPC

po. D -1/30

INSPEC

.= Cerry, Pcnnsylvo'nia —_—

PRO NUMBER

{OATE .
SO | oo S :

CYPE OF EQUIPMENT (=4
g : B Nearen iﬁ_«e? 00
. FREQUENCY METHOD

'Y D 10 D m $0 L 10 D 15 a CONTACT m WATER DMMER..

TECHNIQUE LINY VOLTAGE com-nox. - TRANSDUCER SIZE & SHAPE
Loxcmmmu SHEAR WAVE YES NO N
 Lowermomas, (3] Ol =g Q0 . »e
REFERENCE STANDARD PROCEDURE

r

- 71/4/%//&%/47%3{ 6’/@ ST rm-A~ S

REMARKS & SKETCEES

wWE: /0 CHEAT: S5 g 027

ol #z0 e/ S -

RESULTS: -

T

i

When tested in accordance with the above Procedure, these parts were found
*  to be acceptable. (No reportable or unacceptable indications found.)

-
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INSPECTED BY: ~/f ﬁ LA, S77 ;’/@ /a_f A7

PART DESCRIPTION OR DRAWING KO. . QUANTITY mes no.

/. P 20 T3P -S25
gmré:gu:'rs ' émsmmou c 4

BOLD REWORK

QuEs U
TIONADLE RETURN MATERIAL
D TO SUFPLIER D CUSTOMER
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— Corry, Pennsylvania —

Complete Heat Treating, Laboratory & Testing Facilities . REPORT |

SPECIALIZING IN STAINLESS & HIGH TEMPERATURE ALLOY ULTRASONIC

AIRCRAFT - ALLOY . CARBON INSPECTION
Bars & Forgings

PRO NUMBER

Kot 1198 7878

TYPE O} EQUIPMENT

~ -~ - Laanco I N
-

P.0, g-1/30+/ : -

FREQUENCY

%@W JW‘-U'%; G0O

METHOD

MD I.OD us SOD IOD ISD ISD CONTAﬂm WATER IMMERSION D

TECHNIQU®
mommu E SHEAR WAVE D

=0

LINE VOLTAGE CONTROL, TRANSD SIZE & SHAPE

No [ '/"

REFERENCE STANDARD

/00 % W«ZIJ 4,

PROCEDURE

ASTm- A=

LI |

ORIGINAL PAGE IS
OF POOR QUALITY

A 22% Crny 2. 77 5/ seo s é@,.,/z

PART DESCRIPTIGR OR onawmc NO
G\)eé. Fiv. Oiwe /J07lé’-7
TEST RESULTS: DISPOSTTION:

ACCEPT B =

HOLD REWORK

QUESTIONABLE D RETURN MATERIAL
TO SUPPLIER
* REJECT D SCRAP

] QUANTITY ITEM NO.

C5
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SPECIALIZING IN STAINLESS & HIGH TEMPERATURE ALLOY
NUCLEAR - AIRCRAFT - ALLOY - CARBON - FORGINGS

COMPLETE HEAT TREATING, LABORATORY & TESTING FACKITIES

ULTRA SONIC INSPECTION
CUSTOMEN'S ORDERNO. oare PRO NO. F
, A11304 9-14-76 69819-00
d . SHIPTO
. . Bl
- SOLD
o ] ORIGINAL PAGE IS SAME
5 OF POOR QUALITY RECEIVING DOCK
S .,
sHiPviA CONSOLIDATED - COLLECT - PARTIAL :
km T NONBEROF FECTS wEeT —
A-473 & DWG. 410 1 PC. 2278# ‘
7 : 7 3
12073-525 . PER DWG. #1
NORMAL| ZED & TEMPERED & STRESS RELIEVED
I'I".M NO. HEAT NO, = _ 5 = HEMI AN . l — j_
1 556027 | .12 | .50 |.017 {.0%1 [ .39 12,37 .39
R} [« X S - A 1. ¥ N — . A T —
- — _MECHANICAL PROPERT'ES
mEm SERIAL OtA. YIELO P.S.). ULTIMATE BLONG. RED. AREA HARCNESS JOMINY GRAIN | IMPACT
-NO. NO. 2 wOrsET| TENSILEP.S.. % % e ROCK.C et SI1ZE |FT.u88
2 h 76,500 | 100,000 23.0| 73.9 | 229/p29,/229/248
; R
souecs___ARMCO
UWTAR-S0MC MAGNENC
mrecnon PER A-418, REPOR[ ATTACHED s PecTION:
MACROETCH . . ' N tasy
CLASSINCATION: e AT
INTEASRANULAR LIGUID PENETRANY
CORROSION RESULT: INAPECTION RESIALT: [

‘K;‘ 18 TO CERTIFY THAT,. TO T F SEST OF OUR KNOWLEDGE ANT == *== == “gOVE MATERIAL NAS BEEN MANUFACTURED IN ACCORDANGE WITH THE

| RAWINGS, PURCHASE ORDERS A 4D SPRCIFICATIONS. AND COMP

C6

NSIONAL REQUIREMENTSE AND WORKMANSNIP.




! Q D R \ . 0T - . ) o )
#'t:. STEEL Co:\,\p,\(\y : NUCLEAR - AIRCRAFT . ALLOY - CARBON - FORGINGS

39 " Corry Pennsylvamia 16407
COMPLETE HEAT TREATING, LABORATORY & TESTING FACILITIES
ULTRA SONIC INSPECTION
CUSTOMER'S ORDEANO oart

A11304% | 10-1-76 . 69818-00 ™M\

. SHIPTN
wo [ T _
o e :
ORIGINAL PAGE IS L ' SAHE
OF POOR QUALITY
L
SHIPVIA CONSOL ! DATED - COLLECT - COMPLETE
IR ORURTSEEWEAT N 7 RUMSTAGF TS o - —
A-473 & WG, Lkio 1 PC. 2482#
W e : SENACRS.

12073-524 PER DWG. -

“CONGITION:

)

1 |6s6bst | .1t | kb foth 021 | .6t 12,73 .21 l )
)X (< § [+ Y 1 8 T ‘ N . A X L Y

T MECHA u'{ 1 .
mem’, SERIAL DIA. YIELD P.S.1. T ULTIMATE ELONG. RED. AREA HARODNESS JOMINY GRAIN | IMOACY .
NO. NO. 2 wors TENSILERS.L % % BrN ROCK.C ety SIZE |FT.L08.
1 76,000 | 100,000 | 20.0 | 68.8 | 201/p07/207/207
soukes ____ ARMCO
o s .
INSPRCTION: PER A- & 1 a REPORT ATTACHED INSPECTION: .
MACROETCH SEND TRSY : .
CLASSIFICATION: msnr:
INTERGRANIRAR | LIQUID PEN. FRANT -
CORNOSION RESULY: ) INSPICTION RESWALT:

THIS IS TO CERTIFY THAT. TO THE BEST OF OUR ANOWLEDGE AND BELIEF TH™ ABOVE MATERIAL . MAS BEEN MMU'ACYU&ID IN ACCORODANCE MITH THEF
ORAWINGS, PURCHASE OROERS AND SPECIFICATIONS. AND COMPLIES WITH DIMENSIONAL REQUIREMENTS AND WORKMANSHIP,
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10735 Sessler Strect
South Gate, California 70280

Phone: 773-4040

1P 10 M FORGE DIE €O
;- MONTERY PARK CALIF

e IR T LTS e S p e

nikee 1. HYDROTHERMAL PCWER CO LTD
5 27032 ViA CALLACO
MISSION VIEJO CALIF 92675 35

M. 4657

Date 1115176
Order No. 76’ /)7°/-'C'—l'/"v

F.CB,
: Via:
i _
§ v | QUANT TV MATER AL WE GNT SRICE EXTENSION
i EF-4142 VAC. DEGASSED, QUENCHED
§ AND DCUBLE TEMPERED TO
: 269/202 8HN,28/32 RC
§ FINISHED SIZES
? 1 10 X 32,5 X 38
|
==i=é=&==-====== e e e m,.mgﬂ-gg
- D1
;o SAW TER YOUR PRINT
Wvered By, T L2 T P
SR /,,,\ St G/R l’N’D lop & BETTOM ELEAN U
’(ecewedﬂy ] /"L f—k ,VMM., <-/ / - S

CUSTOMER COPY
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- AFinkl & Sons C¢;
METALLURGICAL REPORT

JSTOMER A. Finkl & Sons Co. (CA.) DATE Novemoer 2, 1976
o. 9/28/76/01 QUANTITY___ 1 Pc. s.0._ 15645
M 10" X 32.5" X 38", Finish Sizes
RL L
ADE EF-4142 Vac., Degassed, Ouen, & Dbl. Temp,
NOY . 1976
FORGED SURFACE
A FINKL & sons co.
ECIFICATION
N 1 Nl .
Heat No. Ml | Clss ClMa| P . S| S| N[ Cl M| V| Cu %'i:"
60576 X BE .42 | .82 .015 .02y .30 - |.83 .19
J
|
Jominy 11213 4{5 6{7 8,9{10:11{12{13]14 15116 18 20!22‘24 26 28!30[32
1
| T !
: BN i EEE |
Test
Direction Yield Tensile Reduction i Brinell -
Test Test or Strength Strength | Elongation | of Area Fracture Hardness impact Serial
No. Dia. Location PS! PSI % in 2% A Rating (HB) Ft. - Lbs. No.
equired:
269/302
293/293
eat Treatment Remarks
Subz.:’ . coolowrn - 2220re me this
day <" @mm@a ..... L5976
Notary i Llic otz Al
WITNESSED
_ above agrees with 4he official company records, PHYSICAL FOR DATE
SURFACE FOR DATE

-
4
¥

Foll=tey. §-73




{! & A. FINKL & SONS CO. -
' ORIGINAL FAGZI iS5

~ ULTRASONIC REPORY OF POOR QUALITY .
2 cop./C-A.R. . . :
DATE fl2-7¢ ' " Somic unrT 'SPERRY UM 15

'CUSTONER £, ome. (Cal ) : SEARCH UNIT SPERRY
CUSTOHER ORDER ¥0.9 o /7/, /0/ 5 2.25 MHz - 1.125 Dia. Qtz

DESCRIPTION /0 X 22.5°X 3 ¢* ‘ -
~ SHOP ORDER NO./ Sé#'¥ © COUPLANT 30 OIL
HEAT HC. /40 £ & : . TSST BAR-/64* F.E. HOLE :
-unn TESTED /p & : ﬁr_‘%ml E

smsznvmt ADJUSTHENT: Es e
- SCAN PACE - 996!;" F.B. HOLE »2'p1p (Swp/pk) on SCOPE * * " - SRy
.o - ¢ . .
. RESULTS:

,%Lz.wﬂ/w A

il

Q. C. Manager’
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110/21/76 Fuckel Géerqu ancl Titonum - {;gﬁliuuogééozo
————— THONNDALE P& 13370 et TTETETTT
- - N AN M‘
S&9 LA | 2 1 |5 76-M-1-C-24 | 76=M-1-C-2A
soutmi  K&G/WEST CARLOALING FREFALD
SO0 10 IHIP TC
- .
ﬁ 1 A. Finkl and Son ~]
HYDROTHERMAL POWER CO LTD €/0 Bud Finkl
25721 OBRERUO UNIT H l 10735 Sessler Street
L MISSION VIEJO, CA 72675 4 L southgate, CA. i
TP ST TR WPRITIY i NA— IR TINE N o PO oo T
o) - . S - e - » Sl v s S el ,.‘i s nnibdt -
304 ASME SA-240, WINTER 1975
— HRAF

;"".i.'.n-.._m ' .:"i o S ’ d
1 $.2500 GA. SKETCH A-7 'Y 1 1 C 1990
F/C FERIPHERY & HOLES
TOL. FPERIFHERY + 1/4 - .000
HOLES + .000 - 1/4

®xxk CHEMICAL ANALYSIS *xxx
ITEM- 1 QTY- 1 HEAT- 456673-1
c MN F 3 51 CK NI
0460 1.44 ,01% .012 .49 18.50 8.83
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KYDROTRERMAL POWER CO,, LID.

QUALITY CONTROL PROCEDURE

In order to assure the sbsolute conformance of incoming materials,
purchased parts, machining or processing of materials and purchased parts,
each such incoming item received by HPC secured for integratioca {nto the
HPC Power Conversion System, is to be checked against the purchase order

and purchase order drawing as to both quantity and quality.

A record will be maintained by HPC showing the results of checking,
inspection, and measurement upon receipt of incoming materials, purchesed

parts, wachining or processing of materials and purchesed parts.

Such record shall be in the following form:

PART NO. or PURCHASE (RDER NO,

DESCRIPTION of PART or TASK

DRAWING NO.

(1) DATE of PURCHASE RDER

(2) DAT. of RECEIPT BY HPC

(3) DATE of IMSPECTION

MANUFACTURER, VEMDOR or SUPPLIER

CRITICAL MEASUREMENTS TAXEN BY:

CBITI{A., .MASUREMENTS TAKEN DATE:

CRITICL i HEASUREMENTS RECORDED OM

H. SO IS4WING cr COPY of PURCHASE
ORDER _ (1)BY: !
i
(2)DATR: ;
{
I. ACCEPTANCE DATE
!
J. COMMENTS {

PART uo. ot P. o. m.




Brief Summary of Torsional Frequency Analysis

A lumped-mass mas; model vas constructed foc the entire syctem.m Tuls

model consists of five "inertias" (actually moments of inertia) which represent

respectively:
Female & Male Rotors & Shaftiné of the Compressor
The First Coupling
The Speed Reducer
The Second Coupling
The Alternator (Fan, Rotor & Exciter)

These five inertias are coupled by four uni#orm shafts. The numerical
values of the inertias and of the torsional rigidities of the sh: fts were
determined from values on the blueprints or were calculated from the physical
dimensions provided, All calculation: were made with reference to the Male
Rotor Axis, |

The analysis of the Free~free torsional vibrations of the system is
accordingly reduced to an eigenvalue problem. The eigenvalues are found to
be the roots of a tenth-order algebraic equation in the circular frequency w¥,
One root, as expected, is W-0, which correspoads to a rigid body rotation of
the entire system. Thus the determination of the eigenvalues amounts to the
determination of the roots of a fourth order equation in W2. The four roots
correspond to the frequencies n (hz) of the four principal modes of torsional
vibration of the system which have one, two, three or four rodes corresponding
to the increasing numerical value of the frequency. Usually the lower fre-
quencies are those of particular interest in practice, The natural frequen-

clies of the higher order modes are generally beyond the operating frequencies

of & systen,

G1

#The tenth order equation can be treated as a fith order equation because
only even powers of W occur in {t,



1he Iour Irequencies “1 (L ® l,..4) Were cetermined IOr taree diiierent
‘opced ratios for the five mass system, The results are as followa:
Case I; Speed Ratio 1800/3000
M= 66hz =
B2 = 189 bz -
%3 « 315 hz
%4 = 609 h2
Case 1I; Speed Ratio 1800/4000
Ble 52h

B2 = 191 hz ORIGINAL PAGE IS
OF POOR QUALITY
B3 = 294 h2

% uS74 bz
Case I1I; Speed Ratio 1800/5000
"L= 47 bz
%2 = 209 hz
3 = 308 hz
%4 = 629 hz
These values have been determined subject to certain approximations which
should be noted:
1) COntinubus mass distributions have been lumped

11{) Continuous parameter distributions e.g. torsional rigidities
have been lumped

411) Gear assembly is assumed to be rigid, Gear & tooth flexibility is
neglected and gear backlash is ignored

iv) Frictional energy dissapation e.g. in flexible couplings is con-
sidered to be neglegible throughout the system

v) Flexural vibrations have not been considered
A lengthier and more detailed analysis would be needed to include the

effects of these approximations.

G2



xeferences:

Two basic works of reference are 'Practical Solution of Torsional Vib-
ration Problems” by W. K. Wilson, Wiley, New York, 1956 (Two volumes) and
"Handbook on Torsional Vibrations" by E. J. Nestorides, Cambridge University
Press, 1958,

G3
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philadelphia gear corporation

November 15, 1977

Hydrothermal Power Company, Ltd. ORIGINAL PAGE IS
25721 Obrero, Urit B OF PLTR QUALITY
Migsion Viejo, California 92675

Attention: Mr. - J.A. Sprankle

Subject: Your P.O. #76-M-4
Our Order #489254 .
Efficiency curves -

Gentlemgn:

To confirm our meeting of 11-9-77, the efficiency curves that were
delivered to you on 10-25-77 were derived in a similar fashion z-
outlined to you in a July 21, 1977 letter from our Michael Hard: ..n.
The empirical data on the above order has indicated about an 8%
error in the calculated constant that we used in our heat-balanced
equation. This error, in all probability, is caused by aeration
of the oil. The empirical formula accounts for this and includes

" radiant heat losses as well.

Hopefully, this is the information that Dr. McKay is looking for.
Please advise us if there is anythirg else we can do to bring this
matter quickly to a close.

Very truly yours,

PHILADELPHIA GEAR CORPORATION

s "/

el L—

Mark M. Alter MASK M. ALTER
Sales Representative Sales Representaltve

MMA/£

cc: Dr. R.A. McKay - Jet Propulsion
cc: John L. Gillaspy - Anaheim

26C0 EAST MIRALOMA WAY
ANAMEIM, CALIFORNIA 82808 (* 1 4) 830-7800

. Y /=213—577 0s70 ¢
Al Tifertmn RIS - H1

2600 EAST MIRALOMA WAY, ANAHEIM, CA 92806 @ (714) 630-7800 @ TELEX: 67-8328



philadelphia gear corporation

July 21, 1977

Hydrothermal Power Co., Ltd.
2051 Woodlyn Road
Fasadena, California 91104

Attention: Mr. J. A. Sprankle,
Business Manager

Reference: Your P.O. #76~M=4 .
Our Order #489254
Your Letters of " /12/77 and 6/14/77

Gentlemen:

I appreciate your concern in receiving the required
efficiency data as well as your demonstration of good
faith with the trustee account. As you know, we have
subwmitted one set of efficiency data but unfortunately,
the inlet oil temperature has been changed rendering this
data unusable for your purposes. Also, yvou must realize
that the calculation tools available today are not
sopiiisticated enough to guarantee the 1/2 of 1% maximum
error you have requested.

A telephone conversation between Dr. McKay and myself
indicated that an explanation of our testing/calculating
hest loss method may suffice in satisfying this require-
ment.

I have attached three sheets covering the derivation
of our heat balance equation and the particular lubricant
used at our test stands. As you will note, empirical data
has indicated about an 8% error in the calculated constant.
This error, in 2ll probability, is caused by aeration of
the oil. . The emperical formula accounts for this and
includes radiant heat losses as well.

H2

KING OF PRUSSIA, PENNSYLVANIA 19406 @ (215) 265-30C0 @ TELEX: 846321



philadeiphia gear corporation sheet na

Hydrothermai Power Co., Ltd.
Mr. J. A. Sprankle
July 21, 1977

If possible, Dr. McKay snould run beth loaded and
unloaded tests using a torque cell and tachometer to
verify the accuracy of our conscant under his test stand
conditions. Once this is established, the accuracy he
requires for .is testing should be attainable.

I hope this data will suit your requirements. If
there are any questions, please contact me.

Very truly yours,

PHILADELPHIA GEAR

4 - -/ "'
Mf:;:£%lggég:idiman, Manager

Special Products Division

enc.

rc

cc: Dr. R. A. McKay/Calif. Institute Tech.
J. Gillaspy/P.G.C.., Anaheim, Calif
J. Pooler/P.G.C., King of Prussia, Pa.
R. Meyers/P.G.C., King of Prussia, Pa.

H3
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PRODUCT DESCRIPTION

Mobil D.T. E
20 Series . uicon

The Mobil D.T.E. 20 series of high quality oils has been
developed specifically to satisfy the requirements
of hydraulic systems using the newer, high-pressure,
high-output pumps. The large growth in hydraulic
operation of systems on mobile equipment has re-
suited in the development of pumps that are smaller,
yet deliver greater volumes of fiuid at higher press-
ures than were thought practicable a few years ago.
Since response time is improved when a smaller
volume of fluid at higher pressure is used. high
pressure pumps are aiso being applied increasingly
in hydraulic systems of machine tools anc other in-
dustrial applications. Pump vanes or pistons, control
vaives, and linear and rotary actuators of hydraulic
systems all operate with boundary or mixed film
lubrication so that wear protection must be provided
by thin oil films. As pressures and operating speeds
are increased, the loading on these thin films is in-
creased, and the fluid must provide greatly enhanced
sntiwear or film strength characteristics to protect
against excessive wear. At the same time, oxidation
and foaming resistance, demuisibility, and rust and
corrosion protection must be maintained at high levels
to avoid other operating problems.

The Mobil D.T.E. 20 series was developed in coop-
eration with pump and hydraulic system compone~
manufacturers to provide the superior antiwear and
fiim strength characteristics necessary for the new
high pressure hydrautic pumps that a.e coming into
wide use. They are formulated from high quality,
chemicalty stable, high VI base stocks combined
with additives chosen to provide the specific prop-
erties required in hydraulic fluids. Compared to the
best automotive oils. they provide superior
performance characteristics including demuisibility.
rust prevention. and resistance to deposit formation.
and equal antiwear protection. in addition. the
viscosities are chosen to accurately meet the require-
ments of hydraulic pump builders and coincide with
the new ASTM viscosity grades. Furthermore, their
tunctional characteristics permit a wide range of in-
dustrial apptications othrr than in hydraulic systems.

In the development of the Mobil DT.E. 20 series,
extreme care was given to the selection of antiwear
agents and rust inhibitors which wilt not interfere
with water separating characteristics. The combina-
tion of additive components was carefully balanced
with the base stocks to ensure that the final products
provide the best obtainable combination of antiwear,
demulsibility, oxidation resistance, rust protection
and foam resistance properties. A protective barrier
is provided by a thin film of oil which prevents the
rusting of metal parts in the presence of smail

L "~ ]

Charocteristic Mob#l D.T.E. 24 Mobl D.T.E. 28 Mobit D.TE. 28
Gravity, APt .7 306 209
Specific Gravity 0.887 0873 o877
Pour Point, max. F (C) 0 (—18) 0 (—18) 0 (—19)
Flash Point, min. F (C) 385 (292) 400 (204) 400 (204)
Viscosity _
SUS st 100 F 183 25 300
SUS st 210F <] L 83
¢St at 38C k<] 485 65
cSt at 99C S 70 8.2
Viscosity index 9% 95 95
Rust, ASTM D665. A48 Pass H 5 Pass Pass
Color, ASTM, Max. 20 25 35
Cincinnatr Milacron, inc. )
C M Co Heat Test
1 Week at 275 °F (135 *C) Pass Pass Pass

A
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smounts of water or condensed moisture from the air.

They have shown superior fluid durability (resistance

_to deposit formation) and exceptional service per-
formance.

TYPICAL CHARACTERISTICS

Physical and chemical characteristics of the Mobil
D.T.E. 20 oils are shown in the data sheet table.
Those vawues which are not shown &8s maximums or
minimums are typical characteristics which may vary
slightly.

APPLICATION

Mobit D.T.E. series oils are recommended for
hydraulic applications in industrial. marine and mobile
service. These oils are Mobil's primary recommen-
dation for all hydraulic applications including the
newer, high-pressure systems in industrial service,
especially when the equipment manufacturer
specifies the use of antiwear type hydraulic fluids.

Since Mobil D.T.E. 20 series oils  are the primary hy-
draulic recommendation at all times, application
consists mainly of selecting the proper grade for the
particular system. Selectiun of the correct viscosity is
based on ambient and buik fluid temperatures, as well
as the operating pressure and design characteristics
of the pump and system. Mobil D.T.E. 24 is recom-
mended frequently for small gear pumps, vane pumps
and both radial and axial piston pumps. Mobil D.T.E.
26 is recommended as the oil meeting the viscosity
requirements of vane pumps and gear pumps
operating at high praessures or temperatures. It is also
recommended for radial and axial piston pumps.
Mobil D.T.E. 25 meets the viscosity requirements for
many vane pumps and is an excelient product to
simplify plant inventory, when a single oil is desired
to replace one of 150 SUS (32 cSt) at 100 F (38 C)
and another oil of 300 SUS (65 ¢St) at 100 F (38 C).

Mobil Oil Corporation  sroucr souonow omsion 1 enst aano sraeer. new voae. new vos 1or?

&0 dercs C

ORIGINAL PAGE IS
OF -POOR QUALITY

Some hydraulic equipment manufacturers specify
a preferred viscosity (at 100 F) for vane and axial
piston pumps. Mobil D.T.E. 24 is recommended where
a 150 second oil is specified; Mobil D.T.E. 25 for a 250
second oil and Mobil D.T.E. 26 for a 300 second oil.
Other manufacturers base their recommendations on
pump pressures. When this pressure is below 1000 psi
(70 kg/cm?), Mobil D.T_.E. 24 is recommended; below
1500 psi (105 kg/cm?), Mobil D.T.E. 25; and over 1500
psi (105 kg/cm?), Mobil D.T.E. 26.

Mobil D.T.E. 20 series oils are also recommended for
many circulation, splash, bath and ring oiling systems
supplying lubricant for the bearings and gears of in-
dustrial machimery. Their adaptability to these
applications can greatly reduce inventory and lub-
rication costs where these oils are required for
hydraulic use. They are not recommendsd for steam
turbine nor amimonia refrigeration compressor
service. Where no unusually high temperatures are
invoived, Mobil D.T.E. 26 may be used as the lubri-
cant in single-stage reciprocating compressors up to
80 psig (5.6 kg/cm?) or in two-stage reciprocating
compressors up to 150 nsig (10.5 kg/cm?) of the type
normally used for producing “plant” air.

ADVANTAGES

]
Mobil D.T.E. 20 series oils oifer the following
advantages and benefits:

Outstanding antiwear performance
High resistance to oxidation degradation
Good protection against rusi " corrosion

Good foam resistance

Goo water separation in hydraulic systems
Correct grades for hydraulic service

Worldwide availability

H6

718/75



PH (DELPHIA GEAR CORPORATION ORIGINAL PAGE IS

OF POOR
UNIT TEST REPORT QUALITY

S/4/7 Major Carrec
4/77 thru jor Corrections
o arwED. FRAL T posbiioriiaii [ Nowper 489254
- { EPAKTMENT co:‘;“ Size & Type 8 HS Serial Number 121680
T Rated Horsepower 1341 input RPM ___Note 1
P it b RING Service Factor 1.33 Output RPM __1800
' Ratio_Note 1 _  Reversable ___NO ___ Output Torque o=
i AR / TESY CONDITIONS
s When load or extended test 1s run record data on P.G.C. Sheet No. EPL-2 unti) temperotures
SUAL LY LONTROL / level off fur the particulas running conditions.
. Total Running Time * H.S. Shaft Speed s
TN H.S. Shaft Rotation __CW ___Shaft Which Was Driven HS
wmemeboe] Amount of Lood Applied ___NONE Method ___ 50 HP Reeves
SALE S Type of Lubrication System __External force feed
s Location of Oil Level ______None majntained
Beoring(s) & Seal(s) Which Require Grease one
—_— Type of Lubricant used on tess MODil Vaprotec Light
‘ O Pressure Cold______ 23 PSTI O Pressure Hot 25 PSI
. Ambient Temperature 75 Oil Inlet Temp. *
CUSTOME RIS) ‘/r Unit Sump Temp. -F. * Seal Temp. HSS - LSS -—
EPECI0R Bearing Temp's: HSS___@ LSS L INT. _== INT. -
APPIZOVAL SIGNATURE “ . . ° * " - -
——— 0ii Leckage: Piping None Cops None Seols None
VIBRATION (MILS) Splits __NOne Housing __NORE Note all leaks and Corrective
e ® LSS __* Measures
t oing Vertical _____NM —
‘waveontal __NM__ Axial NM
SOUND LEVEL Ambient Sound . NM _____Overall Sound NM High Octave ___NM____ Freq. NM
£11 ay cessonies mounted & functioning - gages, etc. yes
NOTES, REJECTIONS, CORRECTIONS, ETC. * See attached data sheets
.. Note 1 Group Input Speed Ratio
. 1 3000 gpM 1.666:1
— - 2 4000 RPM 2.216:1
— 3 S000 rewm 2.7813:1

ST H7

T7ST PERSONNEL ASSEMBLER APPROVA
J.Gorden,B.Bailey,R.Scheler é‘jﬁ_‘

U ok AP TIONAL DATA SHEETS ATTACHED 4 S
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esCombining Advanced Design with Proven Performance

!

RELATIONSHIPS OF SPEED, CAPACITY,

Table “A” below shows the capacity and suggested driv-
ing motor size for different speeds and pressures. These
figures are basea upen pumping a liquid of about 200
SSU viscosity with a 15~ maximum vacuum. While Tut-

' hill Series C pumps will develop as high as 277 of

vacuum, it is sound engineering to reduce the vacuum
to a minimur,

PRESSURE, POWER CONSUMPT!ON

The speed of the pump must be reduced when handiing
liquids of high viscosity, and the size of lines increased
to prevent cavitation, loss of capacity and high power
requirements. For typical performance with liquids of
varying viscosities kindly see chart “B" below. For
sneeds above 1800 rpm and fluid temperatures abr.ve
200° F, consult factory.

¥

Yy
\

¥

PUMP SPEED 1800 RPM 1200 R¥M
OPERATING ) 50 100 200 400 i0 50 100 200 400
PRESSURE Psi |aPMiuP [aPmiup [ePm]iur j(orm|ne |cpm[HP [cPM [HP JcPm [HP | 6PM | #P | aPM]| HP | cPm]HP

1132 w]31] w| 27 » 21| w| 2 vaf 3] s
w 2|9 w8 %]7 ;1l6wl 2 s | 3 6] wnl| 6 wl sw| x| 5| 1] ar| 2
= 318 11 17 Jiefie [ 3 J1s | 5 [121e] 7l 12 AR RN IR EAROERERE
4 {37 l1wl3e J3 35 15 133 | 7ve]29 [15 [ 2a |1 [23e] 1wef 23 [ 3 {22 ] 5 J17 | m
; 5§ |l62 |3 |61 |5 |60 72154 |10 |30 |20 40 1%| 39 3 38 5 35| 7% 31 |18
S | 6 {84 |5 18 7%]82 J10 |so 15 [78 25 |56 | 3 | sc |5 | 54 | 7| s0]10 f46 |20
o 7 T a 123 { & {120 J10 j115 |15 | 99 ] 20
8 f 223 {10 |220 |15 [ 203 [25 [176 | 40
- / F 209 1)
Hp FOR Mpin [mse‘ or ‘ F’bmp BASED ON PUMPING LIQUIDS OF 202 3L VISCOSITY
RPM 100 | 300 800 800 1200 1800
PRESSURE so-psi | 100-psi| 3o0-pst | 100-PSt | S0-PSI | 100-PSI | 50-PS) | 100-PS1 | so-Ps) | 1a0-psi| S30-PSt | 100-PSI
PUMP | VISCOSITY { I ) L
MODEL| SSU (GPM| HP| GPM| HP| GPM [HP 1aPM [HP |aPM| HP |GPN. [HP |6PM|HP (6PM |HP [aPM| HP | GPM| HP jGPM| HP [GPM| P @
500 13] v | 12] v 24] w| 20] w] 40§ 33| 3.3] 12| 53] v a5] %[ 8af1 J75[1%u
2 1,000 16 w| 15} w| 30| w] 28] | 45] 2| 38| %| 60| 3| 581 1 92]1 |oof1w|
17 5,000 1.6] w15 1] 32| %] 28] %| a6t | a2]1w] 63| .12] 59| 112] 93 920|2 §
ports | 10000 | 81wl 5]|vs] 161 n] 15] w] 32| u| 28] %] a9f1 | a7]1%]
285000 | 5|w]| S5|w] 16| 15] %
500 29| w| 27| | 58] v2' 57| w| s9]1 | ss5[1w|119] 1p 115] 2 175
¢ 1,000 30 w] 29| v s0] %| s9]1 [ ecfr | eslhm|120] 1:2f128] 2 J180
7 | 5,000 30{ %l 29| %] 60j1 | 59|11 91j1%2] 892 [121] 2 |119] 3 [182
ports | 10000 [1¢ [w] 9fw| 30| %] 30| %] 6c]1w] so,1w] 91f2 | soi2
25000 [10 [ta] 9] 30] %] sohr
500 58] ] 55] w118l |115}14f17.8[1%]175]2 J228] 2 |225] 3 [36.2
4 1,000 sa| w| 5.7] w|nef1 [7lwj1so{2 Vi7af3 [230] 3 [228] 5 [365
1% | 5,000 60| w! s8l1 |120]2 [118]2 J180]|3 [178]s l230] 5 |228] 5 I-70
ports | 10000 [19 [i2 13 |w] 61| %] 60|1wf120l2 [118]3 |160]3 [178|5 |230] 5 [228] 5
25000 19 w18 |[»w] 61t |<0|use
500 "1 T 98| %| 9 |1 |200[1%] 198]2 [304]3 [302]s |29 | 5 |384] 5 |605
sc 1,000 100] | 9.5]1 J20.2] 1| 200]3 [306]3 [304]5 |s95] 5 [39.0] 5 |61
1% | 5,000 102 |1 |100[132]205{ 2 | 204]3 [308|s [306]5 [39.7] 5 [39.5] 7%f61.2
ports | 10000 [31 [wa]| 30 ]%|103[1 J100|1e]ons|2 |204]3 |308]5 [306]5
25060 |31 || 30 ]3] 103 ]1%2]100 2
500 135] %]130]1 J270]2 [265}3 laos|s [a00[5 {545 54.0| 714]83.0
6C 1.0n0 136 | % |13.2 [12[27.4] 2 | 270]3 |s08]|s |403)s }ssol| 5 [sas] 7v2|83.7
2» | “s000 1381 [13s [1wef278]3 [275]3 la10(s [a05]7%e|ss.2] 7254710 |s40
ports | 10000 [as [ws[as|wef138]2 |13s5]2 {278]s [275]s5 [41.0]7mafacs]malss2: > [sa7]10
. 25000 |46 (2 ]4a5]|% 1382 [135]3 ‘

" ——— - —————
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ADMINISTRATIVE DATA

Testing Organ:zation KATO ENGINEERINA CO.

Test Performed By ) G, Le,rerbav

(20 J. Mop7 2
(3)

Test Performed On NaJ /997 A

I hereby certify that to the best of my kncrwiedge all tests were
per.ormed in acce: -‘ance with test specifications in
and .rue data representing these tests 1S contained
in this repert.

Wl 1 fPLF i -y
%ﬂ&tﬁre and Titlez=
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15%,2-3,3-1
1-2-3
Vave

Iave

CC res

CC Comp
2F1 (Gen.)
BFV (Gen.)
NA

CWFDE
CCWFDE
EFF

T'do

T'd

W&F

CL

SLL

KATO ENGINEERING COMPANY

ORIGINAL PAGE [S

Mankato, Minn. OF POOR QUALITY

LIST OF SYMBOLS

Generator output voltage

Generator output current
Kilovolt-amperes

Power output or input in kilowatts
Power Factor ’

DC voltage generator field

Generator field amps

Rated phase voltage

Rated phase current

Ammeter reading

Line to Line

Line to Neutral

Revolutions per minute

Ohms

Pounds .

Feet -

Dynamometer

Current Transforumer

Direct axis synchronous reactance
Direct asix transient reactance

Direct axis subtransient reactance
Short Circuit Ratio

Negative s:quence reactance

Zero sequ-nce reactance

Motor Field Current

Motor Field Volts

Motor exciter field current

Motor Exciter field volts

Frequency no load

Frequency full load

Voltage no load °

Voltage @ full load

Line current @ full load

Three phase terminal to terminal readings
Three phase line currents

Average of the three phase voltages
Average of the three line currents
Cross current resistor

Cross current compensation

Exciter field amps

Exciter field volts

Not applicable

Clockwise facing drive end
Counterclockwise facing Jrive end
Efficiency

Direct axis transient open circuit time constant
Direct axis transiert short r~ircuit time constant
Windage & Friction
Core loss

Stray icac loss |{3



KATO ENGINEERING COMPANY
SYNCHRONOUS MACHINE COMMERCIAL TEST

Kw KVA P.F. RPM PHASE FREQ. VOLTS AMPS SERIAL NO. uNIT
Jooo | 1250 ' oB|IBN|3& |Ls | 48O | /J0F | 29526 |
custouen: S e Co oate:__f/ / 23/76
RESISTANCE: restengy: L Moyt PD HeatgwE S
ARM1-2 0. Q9373 ~nezs8°c| GenFlo /. 366 ~ezzec | [cooe 4FZ —Z/7¢]
ARM2.3 D, §9ZF3 ~ezz 8| excro [/ FY neZ3-Belve || QRS &6
ARM3-1 O.0NZ2P 3 nenseoc| v f0 ne °c| IMODEL |) oD ER9D é.'"
SATURATION CURVE
ACV ACH KVA KW | PF. ocv | ER | HZ EXCITATION S& P ]
| 674 ) S8 .75 en (a_ﬁ_q EXC.POLARITY £, ~7
679 o 973 |qee] Go | [FSVOT. R9.0
el e 357 R.es] Go | Jcomnecten o v
| s38| © 23.812.0u| 6o | [ROTATON Q.o FOE
LS8 © /6.8 193, 6o | |sewEnce 7, —ZA -7
gB8o! o 135 [ [ [ (oo | [coumpunour ===
456 o 1211 [.97 {zo commuTATIoON By hi
| 384 o 89| .17 |-[,o | |rADI0 suPPRESSION =~
PA0 | O AQ | 44| (po | [eeammes oK
MECH. BAL: (P - P)
DR. END = 6
2@9 [S809I239 — 19.0 57 6131765 | lorr.eno=0 . -
S o | T — 7.6|3476q
AIR GAP (MINIMUM)
excTer | ©. ORF
— PM.FLD. |
DIELECTRIC STRENGTH
' GEN ARM| - voLT
1) NUMBER OF LEADS =
2)  CONNECTED FOR _“5__ LEADS WHEN SHIPPED. GEN FLD YoLT|
3)  VOLTAGE REGULATOR MODEL — SN EXC ARM VOLT
4)  VOLTAGE ADJUST RANGE: S ( I VAC EXC FLD VOLT
\ PMFLD voLT
r= INSULATION RESISTANCE
"y EMARKS PM_GENERATOR | gen aRM MEGA
| VoL, ~p V1 cen ruo MEG-N
A - EXC ARM MEG/ «
GE IS ) LEXCFLD MEG
8?‘(;“;‘3‘? QUAL ITY |-4 M FLD MEG N
oy ACV AC!
e 98a [ 277 || /Sox
3| 980 (28 177 |2]|/S504
Tyl J=20 (38 277 |. | /S0




KATO ENGINEERING COMPANY
SYNCHRONOUS MACHINE COMMERCIAL TEST

KW KVA P.F. RPM | PHASE | FREQ. VOLTS AMPS SERIAL NO. UNIT

oo 11850 1~ lipenl 3 | 4o oz7/0%0 | 1506 | 24526 /
CUSTOMER: Sz e HmnrT Elze,. Co __ DATE //-20-76

RESISTANCE: TesTE08Y: T ar20T e = Alru TR ECK - O LEIEERMPN |

ARM1-2 I, pp 293 nexs §oc| GENFLO /244 ~ey3 goc. | |cooe YRl =A ) 7S
ARM2-3 0. 00293 n@,;ig’oc. EXCFLD // /& Ne c. | frvee /RES5 6 1 -
LARM31 p.pp293 ~Ne:38°C| MM FLO ne oc| |mooeL |, 29
SATURATION CURVE v
ACV ACI KVA Kw | PF ocv | ERt | M2 EXCITATION /D= /e
EXC.POLARITY o = 7
RES. VOLT.
CONNECTED Ao____ Y_L—
ROTATION  (* , ) FOE
SEQUENCE T
COMM RUNOUT R0 ¢ 112 < ¢ d

COMMUTATION  ——
RADIO SUPPRESSION e

BEARINGS

* MECH. BAL. (P-P)

OR.END=0,

OPP. END =0 »

AIR GAP (MINIMUM)
EXCITER |h R 0, A2/ !
P.M. FLD.

DIELECTRIC STRENGTH
GEN ARM 2 owa VOLT
| 67 FLD ! SSoa VOLT

1)  NUMBER OF LEADS &
2)  CONNECTED FOR _&/__ LEADS WHEN SHIPPED.

3)  VOLTAGE REGULATORMODEL _SR Y SN EXCAAM| /S o e VOUT
8)  VOLTAGE ADJUST RANGE: T0 . VAC EXC FLD /S os VGLT
PM FLD voLT

INSULATION RESISTANCE
REMARKS ~** GENERATOR GEN ARM | o o€ L 1 © o MEG~
VOLT AMP GEN FLD | cuec B /1w MEGA
1 EXCARM | ©u & 2/0 MEGN
ORIGINAL PAGE 1S T EXCFLD | ovER /0o MEGA
OF POOR QUALNY I'5 PM FLO] —==  MEG"

I PH AGY ACI

WA utn. 0 1M w9 | ] 1o b
<8 |an| 227 2 506
Tyl s (w222 3| /704
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100 7 Lond |
EFFICIENCY CALCULATIONS SIN 7952 é

MODEL /00¢ ERPE
’ KATO ENGINEERING CO. MIL-STD 705
METHOD /5~

Mankato, Minnesota " DATE //-30-77

A. Friction § Windage Loss (No.Excitation)

Watts = ;1,% x 746 Where: F = NET FORCE IN LBS.
[ ]
. L = LEVER ARM IN FT.
(32035 Y3.5Y1725)
5252 x 746 N = SPEED OF DYNOMOMETER IN RPM
. < )
= . .
22083 L
B. Core Loss + Windage and Friction (@ Rated Voltage)
Watts = F LN s

ORIGINAL PAGE IS

-(22.902.5)(729) .. OF POOR QUALITY

S5 2

- 35,585 WATTS

Core Loss B-A . -
* 35585 - 47083
= Q0 3. WATTS

C. Armature Copper Loss (Stray Load LosS Test)

Watts =12, xRx3 , Where: I = RATED ARMATURE CURRENT

5T cone) @ T o e

= _ 0S8 WTTS . LOSS TEST.

D. Stray Load Loss + I2R _oss + Friction & Windage (@ Rated Am#ture Current)

Watts = F L N
§252

-(ﬁas‘)é.(xl‘lﬂ)x 746
5252

= Y104% WATTS l-g
Stray Load Loss = D-(A + () .
“ Yoy B - (37033 +/0519)

- .;3497 waT7$s
07

M A 2 o

x 746
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g}:\%ﬁ f:m - EFFICIENCY CALCULATIONS

KATO ENGINEERING CO.

Mankato, Minnesota

E. Armature I2R Loss Where: I_
< = 2
Natts = I“3rm X Rog X 3 Rys
= US4 )2 (oot (3) |
. Ryg
= I!,QIZ Watts )
F. Generator Field 12 X R Loss WYhere: Ig
TS = 40)z /
w - [
A ( X [.636 Ry
= FBTA WATTS .
Rrs
Total Losses (Watts) °
1. Friction § Windage Loss ~—— @708 2
2. Core Loss - 850 &
3. Stray Load Loss 4y 7
4. Armature I23 Loss /719! 2
S. Field I2R Loss ST &
6. BRCITER LoSSES —mmeennn goo
Efficiency:
5763 6

% Eff. = 100 - Losses x 100
Output + Losses

= 1060 - (5?26 100
6009000‘5‘7636'

= 100 - 5. 449
v Eff. =« 94,55 HO

= -3-@—5~ X 1366 ohms

s/N 7452
MODEL ¢0¢0 ERIE
MIL-STD-705
METHOD 415.0

DATE

= RATED ARMATURE CURRENT

s RESISTANCE FER PHASE
Corrected to 75°c¢

= 234.5 + 75 . g
234.5 + 33,8 onms

309 53)( ©0/%56hms
.oo 175°8 ohms

= FIELD CURRENT AT RATED LOAD

= RESISTANCE OF TIE FIELD
CORRECTED TO 75°c

= 234.5 + 75

mx X 1.36G ohms

-
e

2583
*Lb%C6 ohms
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ORIGINAL PAGE 1S EFFICIENCY CALCULATIONS S/IN 74526
OF POOR QUALITY ~ MODEL looo ERTE
' KATO ENGINEERING CO. MIL-STD 705
' METHOD //s5 .0
Mankato, Minnesota DATE //-30-77

A. Friction & Windage Loss (No’Excitation)

T3e— x 746 Where: F = NET FORCE IN LBS.

Watts = F L N
L = LEVER ARM IN FT.
. .
5252 x 746 N = SPEED OF DYNOMOMETER IN RPM
¢ Ly )
= b/ . ’
27083 WATTS

B. Core Loss + Windage and Friction (@ Rated Voltage)

F -
Watts = SZEZN x 746

p 4 f46

- WATTS

Core Loss B-A . N
s ‘ -

.
- . -

= _ 2SO WATTS

C. Armature Copper Loss (Stray Load Loss Test)

Watts =12, xRx3 Where: I = RATED ARMATURE CURRENT
= ( )2 ¢ ) 3) R = ARMATURE RESISTANCE PER PHASE
AT TIME OF THE STRAY LOAD
. WATTS LOSS TEST.

D. Stray Lbad Loss + IR Loss + Friction § Windage (@ Rated Armature Current)

Watts = FzgzN x 746

= £ 746
5252

- WATTS 111

Stray Load Loss = D-(A + ()

>
(3447)(%) =939 - (o e =)




ORIGINAL PAGE 18
OF POUR QUAL

E. Armature IZR Loss’

Hatts = lzm X R75 X 3

)2 ¢

= (
2

(//, U2 i = (700 Watts
¥

F. Generator Field 12 X R Loss

75 9, LoAD
EFFICIENCY CALCULATIONS

K.TO ENGINEERING CO.

Mankato, Minnesota
Hhére: Im =

R7s »

® .
Ris =

Where: I¢

Tew e%tuo '-:(I;u Fi 'I"”‘)% +I~L | o

=(o-27 2)%:?'77-3_- R

=5.L¥
wWaAarrts = r*R

- e
:::(S'l.?) . C/,é.!b)
= 4390 e
Total Losses (Watts)
1. Friction § Windage Loss R708%3
* 2. Core Loss g5 03
3. Stray Load Loss {1939
4. Armature IZ2R Loss L7200
S. Field I2R Loss Y390
, 6. EXCITER 598
Eff:ciency: 49209

% Eff. = 100 - Losses x 100
Output + Losses

= 100 - ( 4930% (100)

 750,000" 49209’
= 100 - L4577

VEff. « §3.8%

2

S/N

MODEL
MIL-STD-705
METHOD 415.0
DATE

RATED ARMATURE CURRENT

RESISTANCE PER PHASE
Corrected to 75°c

234.5 + 75
4.2

309.5

ohms

ohms

‘ohms

EIELD CURRENT AT RATED LOAD

RESISTANCE OF THE FIELD
CORRECTED TO 75°c

234.5 + 75

734.5 ¢ X ohms

.8
N

309.5 X ohms

ohms




§0 9, Loas

EFFICIENCY CALCULATIONS S/IN 74526
ORIGIN/. PAG{ﬂ"i KATO ENGINEERING CO :??.EIS'TDI?OOSD eRas
A ! ~co. -
OF POOR QUA METHOD //8°0
Mankato, Minnesota DATE /= 23?26

A. Friction § Windage Loss (No‘Excitation)

Watts = %{i x 746 Where: F = NET FORCE IN LBS.

L = LEVER ARM IN FT.

5252 x 746 " N = SPEED OF DYNOMOMETER IN RPM

* R,
= 7083 s

B. Core Loss + Windage and Friction (@ Rated Voltage)

= F N 4
Watts 52;2 x 746 .
- .
x 746
= . WATTS )

Cove Loss B-A

- @S0 WATTS
~. Armature Copper Loss (Stray Load Loss Test)
Watts = 12, x Rx 3 Where: I = RATED ARMATURE CURRENT
. { )2 ( ) (3) R = ARMATURE RESISTANCE PER PHASE
AT TIME OF THE STRAY LOAD
. WATTS LOSS TEST. ,

D. Stray poad Los; + I12R Loss + Friction & Windage (@ Rated Arm .ure Current)

-

Watts = F IS.ZN x 746

= x 746 -
$252

. WATTS | |_13

Stray Load Loss = D-(A « ()

GRS Ry

N

A L



S0 Y LoAD

. EFFICIENCY CALCULATIONS SN 795 26
L PAGE % MODEL /000 ERPE
oR\G‘NAR QUA\-\“ KATO ENGINEERING CO. MiL-STD- 705
P00 . METHOD 415.0
Mankato, Minnesota DATE (/- 32-76
E. Armature I°R Loss’ Where: I___ = RATED ARMATURE CURRENT
. - 2 .
Natts = I%arm X Ryg X 3 R7s = RESISTANCE PER PHACE

= ( )-2 ( ) (3) Correclted to 75°%¢

/ y 2 , . R7s = 234.5 + 75 . o
(ﬂ”l 7/2>' 2975 was ) 234.5:e X- ohxs
- 309.5 . ohs
Com _ohms
F. Generator Field 12 X R l‘°” Where: If . FIELD CURRENT AT RATED LOAD
4 {TeL = +Tne |
Fw @ 5 . ,
Z Fe R3S« RESISTANCE OF THE FIELD

CORRECTED TO 75°c

=(¢o- .27.:3)5 +27.2 ‘

= 43.¢ . T 23::2 .75 ohme
WATTS = T+ 2 .

=(3.00% (lre2a) "9 x  omms

= 2o ' . . ohms

‘“otal Losses (Watts)

1. Friction § Windage Lots —— 27083

2. Core Loss $502 i
3. Stray Load Loss 262
4. Armature I2R 7oss 29 7§
S. Field I2R Loss 3“0
G EXRCITER 03¢ ~——wemmmeman
Efficiency: $ ~d 2
4a4qeo0

% Eff. = 100 - Losses x 100
Output ¢ Losses

100 - (44969 (100)
Foo,000® 43960
100 - 2.9/ -

20F 14

N Eff.

'z}



S0 7 Load

EFFICIENCY CALCULATIONS SIN 74625
MODEL /o0& ERPe
L PAGE 1S KATO ENGINEERING CO. HIL-sTO 705
RIGINA MEHO) ).s0©
gF POOR QUALITY Mankat ., Minnesota DAT" /I~ 30-76

A. Friction § Windage Loss (No'Excitation)

WALES T Bt x 746 Where: F = NET FORCE IN LES.
L e LEVER ARM IN FT. |
) — T 8®’2 . x 746 N = SPEED NF DYNONOMETER ‘IN RPM
= 27083 WATTS

B. Core Loss + Windage and Friction (@ Rated Voltage)

Watts = :zézN x 746 - .
n” -
X 746
.
. WATTS )
Core Loss B-A .f J L e

= S0 WATTS

.C. Armature Copper Loss (Stray Load Loss Test)

Watts = IZ,., xR x 3 Where: I = RATED ARMATURE CURRENT
= ( )2 (- ) (3) ' R = ARMZ URE RESISTANCE PER PHASE
AT TIME OF THE STRAY LOAD
. WALTS LOSS TEST. ,

D. Stray Load Loss + I2R Loss + Friction & Windage (@ Rated Aimature Current)

Watts = F L N .

- . X 746
252

. WATTS |'1 5

Stray Load Loss = D-(A + (C) .

]

(DBHD -3 - = =)

y /R



ORIGINAL pAG
£ IS oG, L
OF ) (3 OAD
POGR QL'_‘U'TY EFFICIENCY CALCULATIONS

KATO ENGINEERING CO.

~ Mankato, Minnesota

SIN 29625
MODEL Moo ERPE -
M{L-STD-70S

"METHOD 41S5.0

DATE //~30~7§

= RATED ARMATURE CURRENT

= RESISTANCE PER PHASE
Corrected to 75°c

= 234.5 ¢« 75 -
TWss, X ohms

-3095x ohnms

- s/ - ohms

é. Armature I2R Loss’ Where: Lo
Matts = I%arm X Ryg X 3 o Rys
= N C H® ,
) 2 . . ) Ry
._.d) (/,gv,g_) = ~74 Watts
F. Generator Field IZ X R Loss Where: Ig
Zreo :(-_rp,_‘ J.'m_)(- 2) Ll YR R,
. : 'S
2o - 222)(2) + 27.2
= 33.76 R
WATTS = T R 5
-(3? 76) ¥ (4 1439
WATTS
Total Losses (!'latts)
. 1. Friction § Windage Loss 27083
2. Core Loss : gso &
3. Stray Load Loss 135
4. Armature I2R Loss 476
S. Field I2R Loss 1868”
6. EXCITEN Loss
Efficiency: ‘ ¢ : 3?:7:—8L
S Eff. « 100 - Losses x 100

Output + Losses

100 - (38288%) (100)
Q00,000 * 38288 -

100 - /.06

23,93 116

§ Eff.

/7%

= FIELD CURRENT AT RATED LOAD

« RESISTANCE OF THE FIELD
CORRECTED TO 75°c

= 234,85 ¢ 75

3a.5+ X ohms
7. -
‘2.309.5 =
;—-——.T‘X . A ohms
-'j ‘. ..- . Ohls V [



/0 % Load

EFFICIENCY CALCULATIONS S/IN 745R6
. MODEL Jolpo ESIE
KATO ENGINEERING CO. MIL-STD 70S
_ METHOD (/5O
Mankato, Minnesota DATE H— 30 ~7%

A. Friction § Wirdage Loss (No‘. Excitation)

. Natts = W—F B x 746 . Where: F = NET FORCE IN LBS.

[ ]
L = LEVER ARM IN FT.
. »
5252 x 746 N = SPEED OF DYNOMOMETER IN RPM

’ * Lo~y
= RT3 s

B. Core Loss + Windage and Friction (@ Rated Voltage)

-

Watts = f_l. N

§252 X 746
- x 746 oﬁ"G'NA'- PAGE Is
POOR QuALITY
- : WATTS , )
Core Loss B-A .’ ~
-.‘ ‘. - .
=. RS0 WATTS
C. Amature Copper Loss (Stray Load Loss Test)
= 12 ' '
Watts = I, pxRx3 Where: I = RATED ARMATURE CURRENT
. ( )2 ( ) 3) R = ARMATURE RESISTANCE PER PHASE
AT TIME OF THE STRAY LOAD
. WATTS ‘ LOSS TEST.

4

D. Stray Load lLoss + I2R Loss + Friction § Windage (@ Rated Armature Current)

Watts = FZSZ\I x 746

= - x 746 -
5252

" warts 17 -

Stray Load Loss = L-(A + C)

ZZO D(g‘l'*/7> - 35‘ o (T e —

° /74



ORIGINAL PAGE 1S

R QUALITY EFFICIENCY CALCULATIONS SN 79526
OF POOR QU] MODEL Joso ER9&
: KATO ENGINEERING CO. _MIL-STD-70S
, METHOD 415.0
Mankato, Minnesota DATE 20 MoV 1924
E. Armature I2R Loss Where: I = RATED ARMATURE CURRENT
Watts = I230m ' o
. arm' X Ry X 3 R75 = RESISTANCE PER PHASE
. d to 7
= ( )2( ) 3) | Comc;e to 757¢
2- : R7s = 234.5 + 75
(<DL 92) = 119 wars 345~ X ohms
. = 309.5 x ohms
- = . .- ohms
F. Generator Field I2 X R Loss Where: Tg . FIELD CURRENT AT RATED LOAD
o =(T. - ) " . -
Fep = Fé Im. (J ) +Zue R)S = RESISTANCE OF THE FIELD
- CORRECTED TO 75°c
= (bo=22.2) (1) + 22 % X _
_ S = 234.5 + 75 . '
- 300 Hy 734'——""5 * X Ohl'ls
WATTS = I"Z..L .*3’095' .
= (3c:%%) (/63¢) =X ohms
' .’ ohms

T jS20 wArTs
* Total Losses (Watts)

1. Friction § Windage Loss 27083

2. Core Loss IS0 o

3. Stray Load Loss 3s

4, Armature IZR Loss /1 7

5. Field I2R Loss WX

6. ExciTER 798
Efficiency: —

' 3744 2.

S Eff. = 100 - Losses x 100
Output + Losses

100 - (J794%) (100)
/00,000 * 31442

100 ~ R2.24 ' -

e N Xy
118

S Eff.



/100 G L oaD V'o e

. EFFICIENCY CALCULATIONS S/IN 74 Cy- X2
ORIGINAL PAGETBV KATO ENGINEERING CO ' mEIS‘TD,7O £L9E
UALI ) : s
OF POOR Q . EToD. oo
Mankato, Minnesota "DATE Jo Nov 1976

A. Friction & Windage Loss (No'Excitation)

) .
atts = WP L2N~ x 746 Where: F = NET FORCE IN LES.

L = LEVER ARM IN FT.

5353 x 746 " N = SPEED OF DYNOMOMETER IN RPM
‘ * ren )
=_Rl0R3 '
e WATTS
B. Core Loss + Windage and Friction (¢ Rated Voltage)
Watts = gzézn x 746 -
- .
x 746
= : WATTS )
Core Loss B-A . - B
R - . .
= fco WATTS " .
C. Armature Copper Lcss (Stray Load Loss Test)
Watts = 12, xRx3 Where: 1 = RATED ARMATURE CURRENT
. ( )2 ) (3) R = ARMATURE RESISTANCE PER PHASE
AT TIME OF THE STRAY LOAD
. WATTS LOSS TEST.

D. Stray Load Loss ¢ I2R Loss ¢ Friction § Windage (® Rated Armature Current)
Watts = F L N :
§252

. ' x 746
5353

x 746

= WATTS

119
Stray Load Loss = D-(A + C)

1222} 13947 2202 - )
(E

1504

wHees J202 = I, = & foco kw (0P~



ORIGINAL'PAGF. 1S | /o0 Z LoAaD (/.oPF)

OF POOR QUALITY EFFICIENCY CALCULATIONS SN 74526
* MODEL Peo ERIE
' "KATO ENGINEERING CO. MIL-STD-70S
METHOD 415.0
Mankato, Minnesota DATE 30 Mou 26
E. Ammature I2R Less Wi.ere: Im" RATED ARMATURE CURRENT

Watts = I2
natts = Tarm X Ryg X 3 R7S = RESISTANCE PER PHASE

- ( )2 ( ) 3 Comc.ted to 75°%c

R7s = 234.5 « 75

( )Q'Qlﬂ-) 760?' Watts ) 234.5.0> X ohns

= 3095 « ohms
T . ohms

F. Generator Field 12 X R Loss Where: I¢ FIEI;D CURRENT AT RATED. 'LOAD

L .
warrs = T R * st = RESISTANCE OF THE FIELD -
. CORRECTED TO 75°
=(22.3) (.38 . PO IS
= 227¢ R

3

* M X ohms

" Total Lossecs (Watts)

1. Priction § Windage Loss 2708 %3

2. Core Loss . Iso2 P
3. Stray Load lLoss 22062
4. Armature I2R Loss Y%of
S. Field I2R Loss 2276
G. Enciree 320
Efficiency: 4998

% Eff.. 100 - Losses x 100
R Output ¢ Losses

é‘mo - (4711 %)) (100)
1,000,000 439F 1

e 100 - ‘-l..S'g -.-
SEfE. » 9. 4 120

-y



75 z LeAD Lo PF .
- EFFICIENCY CALCULATIONS S/N 7452 6

' MOD &
ORIGINAL PAGE S EL looco =R
KATO ENGINEERING CO. MIL-STD 705
OF POOR QUALITY ' METHOD 4/S:0
Mankato, Minnesota - DATE 30 wou 1976

A. Friction & Windage Loss (No'ExcitatiOn)

Natts ¢ Bt x 746 Where: F = NET FORCE IN LBS.
L = LEVER ARM IN FT.
. »
5252 x 746 N = SPEED OF DYNOMOMETER IN RPM
[ ] . :E -
* 47083 WATTS

B. Core Loss ¢ Windage and Friction (e. Rated Voltage)

Natts = é“% x 746 -
: x 746
= WATTS . . i
Core Loss B-A . -

“a

= xfo 3— WATTS

C. Armature Copper Loss (Stray Load Loss Test)

Watts = 12, xR x3 . Where: I = RATED ARMATURE CURRENT
. ( )2 ¢ ) ) R = ARMATURE RESISTANCE PER PHASE
AT TIME OF THE STRAY LOAD
= WATTS LOSS TEST. _

D. Stray Lond Loss + IR Loss + Friction § Windage (@ Rated Armature Current)

Watts = F L N
§252
s x 746
5252

. WATTS

x 746

Stray Load Loss » D-(A + C) "21

287) Y42y o l?os"-( ¢
ls‘o‘f G ) -/




L oADd e lio PF
ORIGINAL PAGE IS 75 z

OF EFFICIENCY CALCULATIONS S/N
POOR QUALITY e MODEL -
KATO ENGINEERING CO. _MIL-STD-70S
. METHOD 415.0
Mankato, Minnesota . DATE
E. Armature I2R Loss’ m{ero: Im.. RATED ARMATURE CURRENT

Natts = 12< .
. arm X Ry X 3 R7S = RESISTANCE PER PHASE

. ( )2 ¢ B '(3) Corrected to 75°

Rs = 234.5 + 75

) ( g?q = 4/ 2 |Natts ) WS, b ohms
()7’3 l.S'O‘i = 309.5 ohms
- ) _ohus
F. Generator Field~ 12 X R Loss »M|ere: Ie . lflEf.D CURRENT AT RATED LOAD
I = 7.3 - ' 2 :
Fi-o (3 73 “‘X 75) 126 R25 = RESISTANCE OF THE FIELD -
- CORRECTED TO 75°¢
\041-15 tte Rys = 2385 + 75 X ohps
234.5 +
=(34 DETED ._ .
= 1936 TEES x ohms
.« ohms
- Total Losses (Watts) *
1. Friction § Windage Loss 270§ 3 )
2. Core Loss  fS0 2 ,
3. Stray Load Loss 1202
4. Armature I2R Loss ol o2
5. Field I2R Loss 1936
¢ Excitem 2673
Efficiency: 43197
% Eff. = 100 - Losses x 100

Output + Losses
100 - (43149 (100)
750,000" 1314% - .
100 - § 44 .’
s Eff. 94.5§

' 122




50 T LoAd @|.oFPF

- pAGE 1S _ EFFICIENCY “ALCULATIONS S/N 795'7. A
OR\G\NA UALI'N . . MODEL /v 00 ERPE
of POOR Q , KATO ENGINEERIKG CO. MIL-STD 705
METHOD /1§70
Mankato, Minnesota _ DATE 30 WNov (976

A. Friétion & Windage Loss (No.Excitation)

Watts = %“gﬂ x 746 Where: F = NET FORCE IN LBS.

L = LEVER ARM IN FT.

%352 x 746 " N = SPEED OF DYNOMOMETER IN RPM
[ ] m -
~_270%3 WATTS o

B. Core Loss + Windage and Friction (@ Rated Voltage)

Watts = FZ;. N < 746 o
- - b
X 746
a WATTS . )

Core Loss B-A . -
.- ’ -

- _fso2  ws :

C. Armature Copper Loss (Stray Load Loss Test)

Natts = 12, xRx 3 Where: I = RATED ARMATURE CURRENT
. ( )2 ( ) (3) R = ARMATURE RESISTANCE PER PHASE
AT TIME OF THE.STRAY LOAD
s ) WATTS LOSS TEST.

’

D. Stray Load Loss + I2R Loss ¢ Friction & Windage' (¢ Rated Armature Current)

Watts = F LZN x 746

= X 746
5252

. ' WATTS 1-23

Stray Load Loss = D-(A ¢ ()

(60l> 3419 = 55‘9 - ( .-—' — )




ORIGINAL PAGE 'S

$0 P Loab e LoPF
EFFICIENCY CALCULATIONS

OF POOR QUALNY

KATO ENGINEERING CO.

Mankato, Minnesota

E. Armature I2R Loss' Yhore: Im
tewe s Tarm X Ry5 x 3 Rys
o GEED LGRS W ¢ .
I : . Rys
%l ?I?.> = [902 vatrs *
15¢
F. Generator Field I2 X R Loss Yhere: I
=(32.3 - 20)(SO+ 26 ’
Teip G ) Ros
= F.8 :
2 .
wams= I £ - f7s
= (31-¢5) (-3¢
= J¢s9
- Total Losses (Watts)
1. 'Frictit;n & Windage Loss 270F 3
2. Core Loss ' Fsod
3. Stray Load Loss 550
4. Armature I2p Loss 1902
S. Field I2R Loss 76 29 -
(. ExXC)TER (rsS€S a2
Efficiency: 3989¢%
$ Eff. = ;00 - Losses x 100
Output + Losses
s 100 - (3959%) (100)
500,000 3977%
= 100 - 7-37

~l

S/N 7Y526
MODEL /000 KR
MIL-STD-70S

METHOD 415.0

DATE 30 wNov 1974

.= RATED ARMATURE CURRENT

= RESISTANCE PER PHASE
Corrected to 75°c

= 234.5 + 75
23"5.;:*.5 X

3_09.5 X

= RESISTANCE OF THE FIELD

s 234,5 ¢+ 75
234.5 + '

‘m

ohms

ohms

ohms

CORRECTED TO 75°¢

309.5

X

X

ohms

"ohms

ohms

= FIELD CURRENT AT RATED LOAD



A0 Y, L oAD & l.0PF

EFFICIENCY CALCULATIONS SIN 17524
- ' MODEL /000’ £X9E
ORIGINAL PAGE 1S KATO ENGINEERING CO. " MIL-STD 705
OF POOR QUAL‘TY METHOD &+J -0

Mankato, Minnesota DATE 34 wou 1976

- A. Friction & Windage Loss (No‘Excitation)

Matts = Eva x 746 Where: F e NET FORCE IN LBS.
L = LEVER ARM IN FT.
. .
5252 x 746 N = SPEED OF DYNOMOMETER IN RPM

* - T

» 21083 WATTS

B. Core Loss + Windage and Friction (@ Rated Voltage)

Watts = F L N

X 746

Core Loss B-A
‘.t . -
= P50~  WATTS

'c. Atmature Copper Loss (Stray Load Loss Test)

Watts =12, xRx3 . Where: I = RATED ARMATURE CURRENT
. ( )2 ) (3) R = ARMATURE RESISTANCE PER PHASE
. AT TIME OF THE STTAY LOAD
. WATTS LOSS TEST. ,

D. Stray Load Loss + I2R Loss + Friction § Windage (@ Rated Armature Current)

Watts = %.}E x 746

= x 746
5352

- WATTS
1-25
Stray Load Loss = D-(A ¢ C)
9+ .
(;qo \ 3‘_“,7 - g? - ( . )

-
5o/

e .. ____



EFRICIENCY CALCULATIONS SIN

ORIGINAL PAGE |S MODEL
OF POOR QUALITY ' KATO ENGINEERING CO. _MIL-STD-70S
. METHOD 415.C

Mankato, Minnesota DATE

E. Aymature I2R Loss’

watts = lzm X 1275 X3

(""0 )(: Gd=C ¢ 1 ®
- 30? Watts

F. Generator Field IZ X R Loss
~(37.3 - 26 ): 2D +26

= 2%.2 b
2

"

W4 TTS

= 1306

- Total Losses (Watts)

T 2
Qg‘,zr,)zc,.(dé) 8

Where: I_ . = RATED ARMATURE CURRENT

R7S = RESISTANCE PER PHASE
Corrected to 75°¢

Rs e 234.5 + 75
. 385 e X. ohms

. é9-9-—5- X ohms

. a . ohas
Where: If o FIELD CURRENT AT RATED LOAD

R‘I-S » RESISTANCE OF THE FIELD
CORRECTED TO 75°¢

Rys  « 234.5 + 75 . -
334.5 + X ohms

‘t'- ohns

1. Friction § Windage Loss 27033

2. Core Loss

3. Stray Load Loss

4. Armature I2R Loss

5. Field I2R Loss

C. ExcTER LossES
Efficiency:

§ Eff.

100 - Losses x 100

Output + Losses

100 - (274°57) (100)

100 - /5.7
$ Eff. » T4 22

rso2
1
303
13 00
T

N9

26

77



10 7 LoAad @ LoFF

_ EFFICIENCY CALCULATIONS S/N 795, ZLEZ“
ORIGINAL PAGE IS _ MODEL /00 o
Y KATO ENGINEERING CO. MIL-STD 705
OF POOR QUALITY e METHOD 415~
Mankato, Minnesota ’ ‘DA'I'E o0 NOV 197&

A. Friction § Windage Loss (No'Excitation)

Watts = WF LN o 746 Where: F = NET FORCE IN LBS.

L-usvsnmmrr.

3352 x 745 " N = SPEED OF DYNOMOMETER IN RPM
[ ) ) : -
B. Core Loss + Windage and Friction (2 Rated Voltage) -
Watts = F L N °
=
x 746
= WATTS
Core Loss B-A )
[ ] . -

= X302  WATTS

C. Armature Copper Loss (Stray Load Loss Test)

Watts = I2 xRx3

am Mherc. 1 = RATED ARMATURE CURRENT
- ( )2 ) (3) R = ARMATURE RESISTANCE PER PHAS'.
AT TIME OF THZ STRAY LOAD
. WATTS . LOSS TEST.

D. Stray l;oad Loss + I%R Loss + Friction § Windage (@ Rated Ar.ture Current)

Yatts =F LN x 746
- ' x 746
~5357
. WATT3

atray Load' Loss = D-(A + C) |'27
(: .,4) R L




/10 T Load @ Lo PF

ORIGINAL PAGE |8 EFPICIENCY CALCULATIONS

OF POOR QUALITY KATO ENGINEE:ING CO.

Mankato, Minncso;;:

E. Armature 72R Loss’
Natts = I%m X R75 X3

- ( )2 ) (3)

( ; “,{k// 22) « 74.0 wates

PF. Generator Field 12 X R Loss
Ly =(37.3- 201 t26
- 27143

wArTs - 7’2
= (97130 /’ (’36’)

- 1204 wATTYS

© Total Losses (Watts)

~lh§u: 1

S/IN 7%5% 6
MODEL 00O £RYE .
_MIL-STD-705

METHOD 415.0

DAJE S0 Nov 1977

= RATED ARMATURE CURRENT

-» RESISTANCE PER PHASE

Corrected to 75°c

s 234,55 ¢+ 75 X N

=309:3x  ° ohms

"-. ohrs

Where: I¢

1. Friction § Windage Loss 272083

2. Core Loss ST

3. Stray Load Loss a1

4. Armature I2R Loss 246
S. Field I2R Loss FY-'

o ExneiTER Lossss /¢3
Efficienc -: —57—0?0—

S BFf. » 100 - Losses x 100
‘ Output + Losses

s 100 - 100
loo,000 * 37050 -
« 100 - 27.0%
SEff. = 7%.90

128

s

Rys

= FIELD CURRENT AT RATED LOAD

= RESISTANCE OF THE FIELD
CORRECTED TO 75°¢

= 234,.5 + 75 X h
434.§ . ) ohms
‘= 309.5 X ohms -

s’ ohnms
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R.A. McKay
Final Draft

ACCEPTANCE AND INTERFACE TESTING

PURPOSES

To verify that the HPC Power System 76-1 (a) complies with the contract
specifications as embodied in Contrac. 954404, Exhipit 1, and HPC Draw-
ings B13 and Bl4, (b) is a complete and functioning subsystem in com-
pliance with HPC Drawing B20, and (c) is ready for delivery to JPL.

To verify that the interfaces between the HPC Power System 76-1 and the
JPL support system are correct and to demonstrate that the Power System
and the JPL Control and Instrument Support Van function together as a
system.

APPROACH

HPC assemble, prepare, and check the Power System in Mission Viejo. The
preparation should include:

a. Preset vibration switches (Vl, V,) to NC (normally closed) plus margin
at rest. Vl v,

-

b. Preset underspeed switch (US) to NO (normally open) at ~ =50 Hz.
c. Preset high oil temperature (OHT) switch to NC <150°F.

d. Preset low oil pressure (LOP) switch to NO £10-12 psig.

e. Preset shaft seal pressure (SSP) switch to NO 125 psig.

f. Preset overspeed (0S) switch to NC 2200 RPM = 66 Hz.

g. Preset Stop (S) rate for Automatic Stop valve.

h. Preset Stop (S) rate for Governor Override.

i. Preset Emergency Stop (ES) rate for Automatic Stop valve. -
j. Preset Emergency Stop (ES) rate for Governor Override.

JPL assemble and check the Control and Instrument Support Van equipment
and associated cables in Pasadena.

K1
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When both assemblies are ready, transport Van to Mission Viejo. Park
along curb toward front of 25721 Obrero and order air compressor< for
driving Power System. Compressors will arrive in seven days. When
they arrive they will park along Obrero toward rear of 25721.

During wait for compressors, JPL will interface with the Power Systems
at the terminal strips TB"EA", TB"EB'", and TB"EC" in the junction boxes
ac shown on HPC Drawing B20 . As part of the procedure of interfacing
at the terminal strips, each function possible will be checked for
end-to-end signal to verify that the JPL and HPC wiring diagrams are
correct and correctly executed and that the nomenclature is mutually
compatible. Static testing will then be carried out as described
under Static Test Procedure, Section C, and the Power System will be
checked against Exhibit 1 and HPC Drawings Bl3 and Bl4.

After the compressors arrive, the Dynamic Acceptance and Interface
Testing will be performed as described under Dynamic Test Procedures,
Sections D and E.

The Load Bank Interface Testing will not be included in Missiocn Viejc
because of insufficient power. Also science data instrumentation
testing for brine parameters, pressure, temperature, and flow rate will
be postponed to the field, except that at least two unmounted tempera-
ture and pressure measuring devices will be wired and monitored.

2. K2



ACCEPTANCE AND INTERFACE TESTING (Cont'd.)

C. STATIC TEST PROCEDURE

1. Check Batteries.

2. Jumper LOP switch. _ Keep jumpered through step C-22.

3. Reset Emergency Stup rz2lay to encrgize the safety shutdown circuit.

4. Verify that the Exciter switch is in Underspeed Bypass pousitiom.

5. Activate Data Logger and Intercoms. log SSP
faul*.

6. Operate pump #1 to prime lube 0il system.

7. Operate pump #2. At 125 psig monitor no fault. Pressurize
to 150 psig. _ __ Verify that bearing and winding temperatures, bearing
thrust, and throttle position are being logged. See check-list in
Appendix.

8. Momentarily turn (key) Start switch. Throttle should open.

Obse. ve. Log. Stop relay should reset.

9. Operate pump #3 to open Automatic Stop valve fully.

10. Press Stop button at power plant. Observe Throttleb and Automatic
Stop valve close slowly. Estimate closing time of Automatic
Stop valve. Log Throttle® position.

11. Mopentarily turn Start switch. Throttleb sheuld open. Observe.

Log. Stop relay should reset.

b - Throttle response must be verified. It may be necessary to monitor
the Governor Override Stop relay isntead.

Date: Test Staff:

Notes:
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12, Press Stop button in Van. Observe 'I‘hrottleb close and Stop relay
trip. Estimate closing time of Throttle. Log
Throttleb position.

13. Momentarily turn Start switch. 'Ihrottleb should open and Stop
relay should reset. Log Throttleb position.

14. Operate pump #3 to open Automatic Stop valve fully.

15. Press Emergency Stop button at power plant. Observe Throttleb
and Automatic Stop valve close rapidly. Estimate closing
time of Automatic Stop valve. Log 'I'hrottleb position.

16. Reset Emergency Stop relay. Observe 'I‘hrott:leb open and Emergency
Stop realy reset. Log 'I‘hrottleb position.:

17. Press Emergency Stop button in Van. Observe Throttleb close
and Emergency Stop relay trip. Estimate closing time of
Throttleb. Log Throttleb position.

18. Reset Emergency Stop relay. Observe Throttleb open and BEmergency
Stop relay reset. Log 'I'hrottleb position.

19. Underset or otherwise trip vibration switch Vl' Observe Throttleb
close and Stop relay trip. Log V1 fault and 'l'hrot:‘tleb
position. Reset V;. Log no fault. Turn
Start switch mentarily. 'I'hrottleE should open and Stop relay
should reset. Log Throttleb position.

b - Throttle response must be verified. It may be necessary to monitor the
Governor Override Stop instead. i

Date: Test Staff:

Notes:
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20. Underset or otherwise trip Vibration switch Vz. Observe Throttle
close and Stop relay trip. Log V2 fault and Throttleb
position. Reset VZ' Log no fault. Turn Start

21.

22.

23.

24.

25.

switch. Observe 'I'hrottleb open and Stop relay reset.
Log Throttleb position.

Open OHT circuit. Observe Throttleb close and Stop relay trip.
Log OHT fault and Throttleb position.
Restore OHT circuit. Turn Start switch. Observe Throttleb

open and Stop relay reset.

Turn Exciter switch to On position to open US bypass. Observe

Throttleb close and Stop relay trip. Log US fault and

'I'hrottleb position. Turn Exciter switch to US bypass.

Log no fault. Turn Start switch. Observe 'I'hrottleb

open and Start relay reset. Log 'I'hmttleb position.

Remove jumper from LOP switch. Observe Throttleb close and

Stop relay trip. Log LOP fault and 'I‘hrot:tleb position.

Open battery circuit by pressing Emergency Stop button. Log all
bearing and winding temperature data. Refer to check-list in
Appendix.

Turn off Data Logger. Turn off Intercoms.

b - Throttle response must be verified. It may be necessary to monitor

Date:

the Governor Override Stop instead.

Test Staff:

Notes:
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ACCEPTANCE AND INTERFACE TESTING (Cont'd.)

D. DYNAMIC TEST PROCEDURE: MODIFIED START, RUN, STOP

1°. Deactivate Governor Override relay for Stop circuit. Install
circuitry with auxiliary switches to permit bypassing the OS switch and
place a meter across the OS switch terminals. Leave bypass cir-
cuit in safety position.

2. Inspect the Power Plant, Van, and Cables for readiness.
Verify that Main Circuit Breaker is open.

3. Check Batteries.

4. Reset Emergency Stop relay to energize the safety shutdown circuit. _

5. Verify that Exciter switch is in Underspeed Bypass position.

6. Verify that Automatic Stop and Manual 8' gate valves are closed.

7. Turn on compressors. (Wear ear protection as necessary.)

8. Open Manual gate valve fully.

9. Operate pump #1 to prime lube 0il system.

10. Open shaft guard #1. Manually roll over power train.
Close guard.

c - This step permits OS switch bypass but retains manual ES shut-down via
Governor Override from Power sytem and in Van.

Date: Test Staff:

Notes:



11.

12.

13.

14.

16.

Date:

Activate Data Logger and Intercoms. Log LOP
fault and SSP fault.

Hold Start switch on. Log SSP fault. Operate pump #2

to provide 150 psig oil. Log no fault. Observe Throttle
open. Log Throttle position. Cycle Exciter switch.

log US fault.

With Start switch still on, operate pump #3 to partly open Automatic
Stop valve. Retation should start. Watch Tachometer and
drive fluid pressure. Watch oil pressure to bearings.

Release Start button slightly below LOP setpoint.
Observe Automatic Stop valve close slowly, stopping rotation.
Log LOP fault. Log engineering data. See check list in Appendix.

With Start switch held on, operate pump #3 to partly open Automatic
Stop valve. Observe rotation. Monitor Tachometer
and drive fluid pressure. Monitor oil pressure to bearings. Release
Start button when o0il pressure is above LOP setpoint. Observe
plant continue to run, throttled by Automatic Stop valve.

Log no fault.

Verify that lube o0il reservoir temperature is above 60°F. Otherwise,
wait until it is. Then continue to open Automatic Stop valve
to bring plant to standard operating speed. Observe Governor
take over. Monitor RPM and adjust Governor as necessary. Open
Automatic Stop valve slightly more.

Partly close Manual gate valve until plant begins to slow.. Open
Automatic Stop valve fully, closing Manual gate valve in alternate
increments if necessary to hold plant speed nearly constant.

Test Staff:

Notes:
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Transfer speed control to Manual gate valve with Governor adjusted
for full Throttle.

17. Prop Automatic Stop valve about 7/8 open.

18. With Manual gate valve, adjust speed to standard operating RPMd .
Check operation of V1 two or three times by adjusting sensitivity
and adjust for normal plant operation. Log V1 fault and tk n
no fauit. Observe Automatic Stop valve close against
the prop. Turn Start switch to reset Stop relay.
Operate pump #3 to open Automatic Stop valve fully. Check
operation of V2 two or three times by adjusting sensitivity and adjust
for normal plant operation. Log V, fault and then no fault.

Observe Automatic Stop valve close against tne prop.

Turn Start switch to reset Stop relay. Operate pump #3 to
open Automatic Stop valve fully.

19. Bypass 0S switch and turn on meter. With Manual gate
valve and tachometer, check OS trip RPM. Note RPM at which trip
occurs. If t. > does not occur before 11% overspeed, (see Rotor

RPM table), set overspeed at 10%, (see table), and adjust OS trip to
just open. Then reduce RPM gradually to determine RPM at which
OS trip closes. Verify that OS trip opens on rising RPM.

Reduce speed to close 0OS switch and terminate bypass of 0S
switch. During this step, continuously monitor RPM and press
Emergency Stop if RPM exceeds 2400 RPM.

d - or adjust speed to a vibration node if one appeared during start-up.

Date: Test Staff:

Notes:
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Rotor RPM
Rotor Set Male Female
Overspeed
10% 11% |
Low Speed 3000 2000 2200 2220
Medium Speed 4000 2667 2933 2960
High Speed 5000 3333 3667 3700

20. Adjust Manual gate valve so that speed cannot reach 10% overspeed
(See Rotor RPM table) with Throttle wide open. Then reduce
speed to standard RPM with Governor and Throttle.

21. Open OHT circuit. Log OHT fault. Observe Automatic

Stop valve close against the prop. Reconnect CHT circuit.
Log no fault. Turn Start switch to reset Stop relay.
Operate pump #3 to open Automatic Stop valve fully. Remove

prop.

22. Turn on Exciter. Observe volt meter and frequency meter at
Power Plant. Observe same in Van. Log
voltage and frequency. Compare.

2Z. Adjust voltage at Power Plant. Check remote voltage adjustment
capability.

24. Adjust frequency to 60 Hz at Power Plant. Check remote frequency
adjustment capabili.y. -

25. <Check operation of 0il cooler fan. Direction.

Date: Test Staff:

Notes:
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26. Check operation of ammeter at Power Plant.
27. Check Main Circuit Breaker remote trip operation.
28, Check greaser operation. Set pressure at P, + 100 psi. _

29, Using Manual gate valve, reduce RPM to monitor US trip speed.
Observe Automatic Stop valve close and Plant stop.
Log US fault.

30. Press Emergency Stop button to open battery circuit.

31. Reactivate Governor Override relay for Stop circuit. Remove
meter and bypass circuit from Overspeed switch and replace leads on
NC terminals.

Date: Test Staff:

Notes:

K10
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ACCEPTANCE AND INTERFACE TESTING (Cont'd.)

E. DYNAMIC TEST PROCEDURE: SEMI-NORMAL START, RUN, STOP

1. Walk around Plant inspection. Verify that Main Circuit Breaker
is open.

2. Check battery.

3. Reset ES reldy.

4. Place Exciter switch in US Bypass position. Verify that oil
cooler fan is in On position.

5. Activate Data Logger and Intercoms Log LOP fault
and SSP fault. Log engineering data.

6. Open Manual gate valve fully.

7. Operate pump #1 to prime lube oi. s;stem.

8. Operate pump #2 to provide 150 psig oil. LOP fault only.

9. Hold Start switch on. Observe Throttle open.

10. While holding Start switch on, operate pump #3 to open Automatic Stop
valve part way. Watch Tachometer and driving pressure.

Watch oil pressure to bearings. Release Start switch when
pressure exceeds LOP point (n12 psigj. Plant will continue to
run, throttled by Start/Stop valve.

11. Verify that lube 0il reservoir temperature is above 60°F. Otherwise,
wait until it is. __  Then continue. Open Automatic Stop valve to
bring Plant to standard operating speed, shifting control to the Governor
and Throttle. Open Automatic Stop valve fully. Monitor RPM
and adjust Governor as necessary.

Date: Test Staff:
Notes:



12 Turn on Exciter. Watch Volemeter and Frequency Meter at Power
Plant. Look for Ammeter response. Adjust
frequencey to 60 Hz with Governor. Adjust voltage to 480 V.

13. Check 0il Cooler air flow.

14. Cycle the Exciter to check the Governor response. Monitor effect

on frequency.

15. Operate plant three l.ours. Log engineering datz. _ Refer

to check-list in Appendix. Verify Grease. operation. _

16. Press Stop button in van. Observe Automatic Stop valve slowly

close and bring Plant to a stop.

17. Turn off Data Logger. Turn off Intercoms.
18. Press ES button to open Battery circuit.
19. Shut off compressors. Bleed off air.

20. Close Manual gate valve.

Date: Test Staff:

Notes:

K12
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APPENDIX

CHECKLIST: ACCEPTANCE AND INTERFACE TESTING GUIDE

ITRM PRESET SIGNAL STATIC DYNAMIC DYNAMIC
CHECK TESTC TESTD TESTE
vy Bla B4 19 D18
V2 Bla B4 C20 D18
Us B1b B4 C4,22 D5,28
Ok~ Blc B4 21 D21
LOP Bld B4 C2,23 D11,13,{ ES,10
14
SSp Ble B4 c7 D12 ES,8
0s Bif B4 D19
Local S C10
Remote S B4 C12 E16
Local ES C15
Remote ES B4 Cc17
S r-te, valve Blg C10
S rate, throttle Blh C12
ES rate, valve Bli C15
ES rate, throttle B1j 17
Governor D15 El1,14
Exciter D22 E12
Voltage adjust, local D23 E12
Voltage adjust, remote B4 D23
Frequency adjust, local D24 E12
Frequency ~djust, remote B4 D24
Ameter, local 026
0il Cooler fan D25 E13
Greaser operation D28 E15
Main Breaker trip remot - B4 D7
Throttle Position B4 (o0 D12 E15
Throttle Bearing 1 B4 c7 L12 E15
" "2 B4 c7 D12 E15
Expandar Bearing Temp 1 B4 C7 Di2 E15
|
13- K13




APPENDIX (Cont'd.)

Expander Bearing Temp 2 B4 c7 D12 E15
" " "3 B4 7 D12 E15
" " "4 B4 c7 D12 E15
" " "5 B4 C7 D12 E15
" " "o B4 c7 D12 E15
Alternator Bearing Temp 1 B4 c7 D12 E15
" " " 2 B4 c? D12 E1S
" Winding " 1 B4 c7 D12 E1S
" " " 2 B4 c7 D12 E15
" " " 3 B4 c7 D12 E15
" " " 4 B4 c7 D12 E15
" " " 5 B4 c? D12 E15
" " " 6 B4 c? D12 E15
Intercom B4 CS D11 ES
I. remote B4 D12 E1§
KW remote B4 D12 E15

-14- K14




Revised 12/01/77
For Test of 12/04/77

ACCEPTANCE AND INTERFACL TSTING (contd)

D. DYNAMIC TEST PROCEDURE: MODIFIED START, RUN, STOP
1. Install circuiltry with auxiliary switches to permit bypassing the 0S switch.
(This is accomplished by placing a switched jumper across the 0S relay
output and an auxiliary switch in the 0S switch output circuit. The switched
jumper requires two switches in series, one at the start station and one at
the backup RPM monitor station.)
Place a meter across the 0S switch termimals. Leave all three switches
in closed (on) position.
2. Activate the data logger and intercoms.
3. Check for SSP fault , LOP fault , 0S fault , 0S no fault
4. Open auxiliary switch in 0S switch circuit (near 0S switch). Log 0S
fault. _
5. Jumper US and OS in Van. Log US no fault and 0S no fault
6. Inspect the Power Plant, Van, and Cables for readiness.
Verify that Main Circuit Breaker is open. Set inhouse breaker off.
Record cumulative operating time.
7. Operate pump #1 to prime lube ofl system.
Date: Test Staff:
Notes:
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8. Open shaft guard #1. Manualily roll over power train.
Leave guard open to permit use of surface speed tachometer.
9. Check batteries. Close battery switch. Log SSP no fault.

10. Reset Emergency Stop relay to emergize the safety shutdowmn circuit.

11. Verify that Exciter switch is in Underspeed Bypass position.

12. Verify that Automatic Stop and Manual 8" gate valves are closed.

13. Turn on compressors. (Wear ear protection as necessary.)

14. Open Manual gate valve about 1/3.

15. Check nitrogen pressure. Recharge if necessary.

Log engineering data. See checklist in Appendix.

16. Hold Start switch on. Observe Throttle open.

17. With Start switch still on, operate pump #3 to partly open automatic Stop
valve. Rotation should start. Watch Tachometer and drive
fluid pressure. Watch oil pressure to bearings. ___
Release Start button slightly below LOP setpoint. Observe Automatic
Stop valve start to close slowly. Arrest with Start switch. Log LOP
fault.

18. With Start switch held on, operate pump #3 to partly open Automatic Stop valve.

Observe rotation. Monitor Tachometer and drive fluid pressure.
Monitor oil pressure to bearings. Release Start button vhen oil pregs-
sure is above LOP setpoint. Observe plant continue to run, throttled by
Automatic Stop valve. Log LOP no fault. Observe US fault at
plant.

Date: Test Staff:

Notes:
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19. Verify that lube 0il reservoir temperature is above 60°F. Otherwise, wait

until it is. Then continue to 6pen Automatic Stop valve to bring

plant to standard operating speed according to the following schedule.

Male rotor 1500 RPM for 10 minutes (1/2 speed). Start time.
End time.

Transfer control to governor at 1800 RPM.

Adjust governor and automatic stop valve alternately to bring speed to
2500 RPM (50 Hz).

d. Excite governor. Rring speed to 2750 RPM. (55 Hz)
e. Turn on inhouse breaker. Check operation of oil fam.
f. With governor, slowly bring speed to 3000 RPM (60 Hz). Run 10
minutes under governor coantrol. Start time. While running 10
minutes or more at normal speed, perform steps g through k.
g. Adjust voltage at power plant to 480 V. Check remote voltage
adiustment capability.
h. Adjust frequency to 60 Hz at Power Plant pamel. Check remote
frequency adjustment capability.
i. Check operation of ammeter at Power Plant.
j. Check greaser operation. _ Set pressure at Pl to 100 psi.
k. Calibrate tachometer with frequency meter at 60.0 Bz. Tachometer read-
ing. Calculate expected reading for 65.0 Hz and enter in step
24. . Calculate expected reading for $6.6 Hz and enter in step
25a.
Date: Test Staff:
Notes:
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20.

21.

22.

23.

24.

25.

25a.

Close Stop metering valve for Automatic Stop valve.

Hold speed to standard operating RPM or adjust speed to a vibration node if ome
two or three times by adjusting
1 fault and

then no fault. Turn Start switch to reset Stop relay.

appeared during startup. Check operation of Vl

sensitivity and adjust for normal plant operationm. Log V

Check operation of V, two or three times by adjusting sensitivity and adjust

2
for normal plant operation. Log V2 fault and then no fault.

Open Stop metering valve.

With speed adjusted to standard (60.0 Hz generatcr and 3000 RPM male rotor)

cycle exciter to monitor speed change. Note tachometer speed change.

Turn on voltmeter to monitor 0S switch.

Increase speed to 65.0 Hz and check tachometer for correct reading. Theoreti-
cal = 3250. Calculated. Observed.

If observed tachometer reading does not correlate well with the calculated
value, step 23, leave exciter on and set 0S switch at 65 Hz using frequency
meter as speed reference. Adjust 0S switch to open at high end of frequency
meter. Reduce speed with governor and note speed at which 0S switch
closges. Increase speed until OS opens to verify setting.

Repeat as necessary.

If observed tachometer reading does correlate well with the calculated value,
step 23, turn off exciter and set 0S switch using tachometer as speed refer-
ence. During this step, continuously monitor RPM and trigger Emergency Stop
if RPM exceeds 3450 RPM. Adjust speed to 1ll1Z overspeed equal to 3330 RPM
male rotor shown on the tachometer as RPM calculated in step 19k.

Date:

Test Staff:

Notes:
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Set 0S switch to just open at this speed. Reduce speed with governor
and note speed at which 0S switch closes. Increase speed until 0S
opens to verify setting. Reduce speed to close switch and

repeat procedure as necessary.
26. Reduce speed to normal and excite generator .

27. Terminate bypass of 0S switch by first closing bypass switch and then
opening bypass jumper .

28. Remove US fault signal jumper and 0S fault signal jumper in

Van.

29. Using Manual gate valve, reduce RPM to monitor US trip speed.
Observe Automatic Stop valve start to close. Log US fault.
Prese ES at RPM = 1500 if possible and monitor Automatic Stop valve.

Log engineering data at intervals until restart.

30. Open battery circuit.
31. Remove meter from Overspeed signal terminals.

32. Remove jumper from OS relay output. Reconnect lead to 0S switch output
terminal.

33. Close Manual gate valve.

Date: Test Staff:

Notes:
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10.

11.

ACCEPTANCE AND INTERFACE TESTING (Cont'd.)

DYNAMIC TEST PROCEDURE: SEMI-NORMAL START, RUM, STOP

Walk around Plant inspection. Verify that Main Circuit Breaker
is open. Place Exciter switch in U.S. bypass position.

Set inhouse breaker off.

Manually roll over power train and re-install guard.

Log engineering data.

Operate pump #1 to prime lube oil system.
Close battery switch.

Reset ES relav.

Open manual gate valve about 1/3.

Check nitrogen pressure. Recharge if necessary.
Hold Start switch omn. Observe throttle open.

While holding Start switch on, operate pump #3 to open Automatic Stop
valve part way. Watch Tachometer and driving pressure.

Watch oil pressure to bearings. Release Start switch when pressure
exceeds LOP point ( 12 psig. ). Plant will continue to rua, throttled
by Start/Stop valve.

Verify that lube 0il reservoir temperature is above 60°F. Otherwise,
wait until it is, Then continue. Open Automatic Stop valve to
bring Plant to standard operating speed, shifting control to the Governor
and Throttle. Open Automatic Stop valve fully. Monitor

RPM and adjust Governor as necessary.

Date: Test Staff:

Notes:
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12. Turn on Exciter. Watch Voltmeter and Frequency Meter at Power
Plant. Look for Ammeter resgponse. Adjust
frequency to 60 Hz with Governor. Adjust voltage to 480 V,

13. Check 0il Cooler air flow.

14. Cycle the Exciter to check the Governor response. Monitor effect
on frequency.

15. Operate plant three hours. Log engineering data. Refer
to check-list in Appendix. Verify Greaser operation.

16. Press Stop button in Van. Observe Automatic Stop valve slowly
close and bring Plant to a stop.

17. Turn off Data Logger. __Turn off Intercoms.

18. Press ES button to open Battery circuit.

19. Shut off compressors. Bleed off air.

20. Close Manual gate valve.

Date: Test Staff:

Notes:
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PROCESS NOMENCLATURE

tye recycle liquid temperature, OF

ts separator water supply temperature, °F

to combined separator water supply and recycle temperature, OF

tg liquid feed temperature, OF

t expande. inlet temperature, OF

Q expander inlet quality, %

P1 expander inlet pressure, psia

PE liquid feed pressure, psia

Tgup amount of superheat of the steam, OF

Pv steam feed pressure, psia

Ps separator pressure, psia

Pw waste liquid pressure to flow control valve

ny, waste liquid flowrate, 1000 #/hr

o, recycle liquid flowrate, 1000 #/hr

mg liquid flowrate from separator, 1000 #/hz (= m¢ - m,)

m¢ liquid flowrate to inlet mixing manifold, #/hr or 1000#/hr

oy steam flowrate to inlet mixing manifold, #/hr or 1000 #/hr

Lg liquid level in separator, in.

Ly liquid level in waste taunk, in.

"/h rate of change of liquid level in waste tanks, in/hr

Trt 2 linear throttle position as percent of fully open

kW electrical output of alternator

freq frequency of electrical output

eff % engine efficiency of helical screw expand:., actual shaft
power/theoretical shaft power

Brg t temperature of high speed rotor thrust bearing, °F

L3



P2
t2
Q2

expander outlet pressure, psia
expander outlet temperature, OF
expander outlet quality (steam fraction), %

steam feed temperature, °F

L4
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OF POOR QUALITY
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A DATE
] TIME
K.W.

1 |~ €. 8!8
K ‘APROX SEAL AP'S

3 | MALE H P sEAL P.

4°| FEMALE HP SEAL P.
s | MALE L P SEAL P.

6 | FEMALE L P SEAL P.

7 | MAIN OIL PuUMP P.

8 | oI sureLY P.

9 | ol suepLY T.

10| GREASE P.

11| GEAR N° ) T.

12| GEAR N°2 T.

13| GEAR N°3 T.

14| GEAR N°4 T.

IS | SAFETY N-2 P.

16§ SAFETY OIiL P.

17| SHUTOFF GATE POSITION

18] SEAL FILTER AP

19{ OIL RESEVOIR LEVEL IN,

20| MAIK FILTER N° | AP

21| MAIN FILTER N°2 AP

22| WATER PUMP P.

23| WATER FILTER ) a P

14| FLUSH WATER FLOW  N©|

25| FLUSH WATER FLOW  N°2

26| FLUSH WATER FLOW  N°3

27) FLUSH WATER FLOW  N°4

'8 | CENTRIFUGE WATER FLOW

*9 | AIR COMPRESSOR P.

10| GREASE VEE BALL

1| M-t Pow. P.S.1.0] |
12| RECIRCULATION FILTER P.8.1.6] b
¥3) WATER RESEVOIR LEVEL IN. _
14| BEFORE VEE BALL P ips..q

S| AFTER VEE BALL P2 PS.1.0.

6| VEE BALL CONDITION M
17! INLET TEMPERATURE T.




